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(54) Title: MODULAR, MINIATURIZED SWITCHGEAR

(57) Abstract: A compact switchgear
system (10) employing a number
of modular components (12, 14,
16 and 18) that plug into (heir
mating interface and are maintained
in electrical isolation employing
solid insulation (24, 70 and 82) in a
manner that substantially shields the
electrical conducting portions of the
assembly [rom contact with lower
voltage portions of the system. The
assembly is primarily made up of
five modules. A multi-phase load
connector (16) having integral current
monitoring transformers (80) for each
of the respective phases; a voltage
monitoring transformer (£8) which
plugs into the load connector (16); an
in-line actuator and vacuum interrupter
modulc (14), provided for each phase,
which plugs into the load connector
(16); a three position vacuum swiich
(12) connected between the vacoum
interrupter module (14) and the line
or ground; and an electronic control
module (84) which receives inputs
from the current and vollage monitors
(80, 18), circuit relays, vacuum
interrupterfin-line  actuator module
(14), and temperature sensors (94),

and provides programmed, controlling outputs (96) to the in-line actuators of the respective vacuum interrupter modules {14).
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whi ch plugs into the | oad connector (16); a three position vacuum sw tch
(12) connect-ed between the vacuum interrupter nodule (14) %ﬂﬂm} J I ne or
ground; and an el ectronic control nodule (84) which receives I’'nputs from
the current and voltage nonitors (80, 18), circuit relays, vacuum
interrupter/in-line actuator nodule (14), and tenperature sensors (94),
and provides programed, controlling outputs (96) to the in-line actuators
of the respective vacuuminterrupter nodules (14). 2 July 2004 MODULAR,

M NI ATURI ZED SW TCHGEARMOBAZERMINEATIRIZED SBTCHGEAR of the |nvention This
I nvention pertains in general to switchgear and other sw tching equi pnent
whi ch use hernetically sealed interrupters enploying insulation having a

hi gher electrical resistance than air and nore particularly to conpact

swi tchgear that enploy nodular conponents to reduce the overall size of
the system Background Information Crcuit breakers provide protection for
electrical systens fromelectrical fault conditions such as current,

overl oads, short circuits, and abnormal |evel voltage conditions.
Typically, circuit breakers include a spring powered operating nechani sm
whi ch opens el ectrical coBAGRGROUND OF PAE INVENTIENCUT rent through the

conductors %néﬁg;!ellect [i cal systemin response to abnormal conditions. In.

particul ar, i nterrupter apparatus have been known Whl ch
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assenbly usua conpr|§es as I'rcul ar cross- sectlon havi ng t he
contact at &# i g8®8d within a vacuum chanber and a driving
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operating rod assenbly conprisin ush rod
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with the fixe he o ati.ng rod assenbl i'S operative connect ed
to a lat chaﬁ?"ga %g \g'l Gucteht through the Conudios o & Hleetion Systern mrespg/ﬂseto

abnormal condmons In particular, vacuum circuit intetrupter apparatus have been known which
include separable main contacts disposed within an insulating housing. Generally, one of the
contacts is fixed relative to both the housing and to an external electrical conductor which is
interconnected with the citcuit to be controlled by the circuit interrupter. The other contact is

B OB

moveable. In the case of a vacuum circuit interrupter, the moveable contact assembly usually
corprisgs a stem of circular cross-section having the contact at one end enclosed within a
vacuum chamber and a driving mechanism af the other end which is external to the vacuum
chamber. An operating rod assembly comprising a push rod, which is fastened to the end of the
stem opposite the moveable contact, and a driving mechanism provide the motive force to move
the moveable contact into or out of engagement with the fixed contact.

The operating rod assembly is operatively connected to a latchable operating
mechanism which is responsive to an abnormal current condition. When an abnormal condition
is reached, the latchable operating mechanism becomes unlatched which causes the operating rod
to move to the open position. The motion of the operating rod, in tum, causes the contact bell
crank to rotate and, as discussed above, this controls motion of the moveable contact.

Compression springs are provided in connection with the operating rod assembly
in order to be able fo separate the moveable contact from the fixed contact and 1o assure the



mechani sm which is responsive to an abnormal current condition. Wen an
abnormal condition is reached, the | atchable operating rrec%z;\p' éqcﬁecomes
unl at ched whi ch causes the operating rod to nove to the op L{l)g I on. The
moti on of tHEOBPISEting rod, in turn, causes the contact BETABI0OIANK toO
rotate and, as discussed above, this controls notion of the noveabl e
contact. Conpression springs are provided in connection with the operating
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fixed cont abteessaiors sabatfheroptaes will gl agcidayially ongpoumsier wanpeprigermniiton §1982 -2
necessary f addamnSehdinabrobiie eRMimEhces Wahiting) Her@BiindaNha loluiORe B NELT

i nappropri at(f condi ti ons.dl n addition, 'mﬁ'ap&rﬁgf” ate circunstances
requiring i ACETARIRP Hiewsrd Porpren e cofats yEh spficieat - e erniacts dp gpiapen s
needed t o opetkly, thereeitisk6f the Whfabts welfihd ©RRt adFERE to Infentfi®hetomdract s do not

open quickly, there,,is a.risk of the contacts | di_ng t oget her failure
to interrupt the cur &HES RECRER ?Iﬁg?spﬁ%%rt@lﬁﬁﬁﬂl% g’§lﬁ‘?'s ""’a?f"e]“‘f‘l cally

used, for i ierapeoedinhoolat hadalrgnts, amntiethe dgt ofdintineaitiagisoatshcdidgend s, and

in the case of Vv m J rryupters also hig ol tage,ac. .curre of
sever al thoﬁ%ﬁ%%gfg%ergn%é‘rg&dgc# nBerr%. 'Orﬁ%‘)cr?'ogﬁﬁ‘\?i%%m? ﬁ’ﬁ‘ﬁﬁlént?%%’%fﬁ%%taéer s that
are desi gndsdighda t¢ {ypicdkylobsrate perrartge of awrrent memged dfamperes, eatiter fhemlslorapkrdsn

anperes, ra ' r ' ose_after_a given
Gel ay. - and Fapeehdtd EuBe TG ey a8RL P Rbuifllet of B B MAEE S P
reest abl i shauidyes ceistablishighe visquit. f Howaverh Somt thndfpodpoint of thiniyeitionghe i on t he
principles ﬁ{@fﬁmsammhéﬁﬁﬂﬁp@%wmlw&bxﬁ%!weﬁqsg.%uta 138 bl byiRfest O Ot her
| oad break swi fches, circui reaKers and switch disconnects. Typically,

i n accor dane®vifpeskess ppdywvitgh ¢iscangets.i ces, one vacuuminterrupter is provided

for each phase of a ‘idily, Ah aS@rdahdeCWitd p@f? Chrtl ABoticA! R YWRIEE Snth:Piptek BE _
several phases tuated sinul taneously by a common | atchabl'e operati ng

mechani sm FAyide Bt at-phass sitewihand fhs wtemygters for thy ssypeah ghassersul ti pl e
phgs es and shited isi;\&ﬁzlwﬂeslelythlg & Q@iningt@ElattHable Sh@#ing aﬁbdhanisﬁnemﬁt%?)ﬁétﬁﬁﬁmtﬂea;-
Medi um si ze_swi t chgear. oyi i uminterrupters typica .have a front
'ow vol t agePPRPRTAR SiiERg g idile phaset and parsivesi i VQlReCHOTGR AL | y

i ncl udes t henelngaktet weontrol s. The | ow vol tage portion is electrically

i nsul ated, through thes;use. of fLse from high volta ortions which
i ncl ude the vacuum il{r)llgdéﬁﬁp g"r"izc&l&%ﬂgméﬁyén&d‘%?"}msn ’|¢I)llcee(rl;1.un¥’t ™ ?@f’cg@c?aé'ﬁ? 5o%haci ng
of the condigwt Volfegecrorisn iesh tes the gear ffitheafrant panehivhich kypichibuiniindps dlenbrbakean
effect!ve I ahbial @h 10k ol it lffeclOly (kA0 B HORS Bluabddfts St CPOCAN

fromthe high voltage'con%%bents. wever, this spacing al'so cdntributes
to the sizehigF velfage prstians which include the yesupminteraypisrss Fhestandndis pembivsdicient educe

the size of shii@ss HsRbAdBctdY corliRnaR o Gat divwil8ahd REsihG bR etfebidve i3gathem wi th
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However, this spacing also contributes to the size of the units.

More recently attempts have been made to reduce the size of these umits by'
hermetically sealing them and filling them with a gaseous insulator having a higher dielectric
capacity than air, such as SFs, However, this creates a number of environmental concerns.

Accordingly, an improved medium voltage switchgear design is desired that
reduces the overall size and enhances the serviceability of the unit.

SUMMARY OF THE INVENTION

These and other needs are satisfied by the present invention which comprises a
circuit switching sysiem made up of a number of plug-in, integral, modular units with each
module enclosed -Wiﬂﬁn solid electrical insulation that isolates the conducting members that

interface between modules, from contact with lower voltage portions of the surroundings. In one
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Accordingly, an inproved medi um voltage swi tchgear design is desired that
reduces the overall size and enhances the serviceability of &t@@w“t'
SUMVARY OF THE | NVENTI ON These and ot her needs are satisfie € present
i nventi on WWe@RI/#S§ipri ses a circuit sw tching system nadecupsmftis2 nunber
of plug-in, integral, nodular units with.each nodule enclosed within solid
electrical insulation that isolates the conducting nenbers that interface
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ei t her ot hegjmandiek 8ISl ik B syt e RrerktiBerBibd, %,&mﬂ%ﬁéﬁmmgga&m
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connect t heSYSeRgkeEWironmel k.6 &l t e vagupm ddolptor modniecis operatterte canpent the dreairer gr ound
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i nventi on t &abition.

The breaker module forms a second modular component of this invention that
includes a conventional vacuum nterrupter, designed to withstand the currents experienced by
the breaker function, whose terminals ate connected to insulated electrical connectors that

‘protrude through the vacuum vessel. Desirably both breaker module insulated electrical
connectors protruding through the vacuum botile are of the same design so that either can be
connected to either side of the circuit. The breaker module further includes an integral, or
separate, in-line actuator which is dedicated to actuating the moveable contact on the breaker
module and is preferably enclosed within an insulated housing that could encompass both the
vacuum vessel and the in-line actuator. In a preferred embodiment the in-line actuator employs

two coils, each respectively controlling a different direction of movement of the moveable
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respectively mate el e | nect or .on each of t he
br eaker modul es. The IPS’ggo%‘g%%g&l{r%ﬁ ﬁ}s Wﬁ@%‘%@l i3 0pe sRgdimgntis, 4
sol i d, el ectdaptedild secdivesimpus Edmhibel iragephasé\ cpmnnmommrmgmaasﬁﬁmérs ahd estapodul e i s
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ive npy
the three-phasé current nonitori tran %1’0 ré%g&' oo 7ot PAt %Sto?'rgns? or ner
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p0|nt on-wave control er ana yzes C
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circuit trigrdidkasspRaHialR MR InIbHRR RS hifinliR&oltdide hafifnRGhdAats tO

open

impact to the circuit and circuit switching system components. The point~on-wave controller is
particularly useful in minimizing arcing upon closing of the circuit by closing each phase at its
current zero and reduce the probability of reignition.

Accordingly, the current carrying components of the modular units are fully
insulated from lower voltage portions of the surrounding, employing separable complementary,
insulated, electrical connectors. In addition, the outside layer of each modular unit’s housing is
covered with an electrically conductive coating which permits the modules to be in close contact
without icnizing the surrounding air. The prescribed insulation and electrically conductive
coating that enable the various modules to be positioned much closer together within the circuit
switching system housing, thus significantly reducing the overall size of the switching system
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or close the appropriate phases at appropriate tines to mnimze voltage
transients and adverse inpact to the circuit and circuit S?'#JWCR)Q system
conponents. The point-on-wave controller is particularly usSetrul~1n

m ni m zing arcing upon closing of the circuit by closing each phase at its
current zero and reduce the probability of reignition. Accbrdingly, the
current carrying conponents of the nodular units are fully insulated from
| oner voltage portions of the surroundi-dg, enpl oyi ng separabl e
conplementary, insulated, electrical connectors. In addition, the outside
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an aspect of the inventjon, there is proyided a circuit sw tching device
conprising: a scaleda§8h¥%$ﬁ%¥“ﬂ3ﬁ§? i GHHA%Vi ng a | ower electrical
conductivity than akfist eletiel tontiiveor comicatbd1@Ithd firsi AFIRAE abhR: itk REd, Medi um
a first stat] ry. contact sealed within the container;.a first electrical
conduct or C%«%}aﬁa@& %33 O R FPSE gvﬁa%ﬁng'ﬁlg?nf %totﬁ? S0¢7 §1¢ Bz ﬁlésitl(f?ecmgailﬁl abl y
penet r at i nginskieted¢dertrivklvernectondd t ermi nating at the other end in a first

el ectri C.al | y | nsul aL ﬁxgyé?lialg%$Jté ?Qllaa.ng g%pﬁqxh@l[n’ theaco%}{igf nge o%ga%ieq%e}wegr‘?gns
sealed within the_contalner_an§ noveabl e between a Tirst position, out of
el ectrical &Eptemticatytoh elptrion] coreminigaion with theofrstrsjatiowmy eaptact, andck meawécond
posi tion, i BosiloBGH Elbcirithi BRARIMEGANHRe Wibhhrt DGt at i Onary contact; a second
el ectrical conductor connected to the noveabl e contact neans at one end,
seal abl y penetrat i ng? B95e0dcderirisrlrropdugiog cenepstsdriathapoverbly prutast hesps alrpiei n a
second el ectid, ealably pedehsitgake@nt@in@Ghi kriihatm@ANGE b@kr end & 4 fcdodSidb@bangn means
for eIectricaH“é§Hn u“atin& t he container and the electrical conductors
and connect SPE*EETEF A B he cont ai ner and substantially isolating the
contai ner, conduct osofid ansdativamnact for seditically DEIKtAE theWohthind:QWe the \éRLtiag e
portions of i i device en connected within a. systemthe

2o toni ng_ oSS EABo A e Do R St Sl BB e e
moveabl e copindedtorsrpmineniretordieom tdnéct witls tovaneblegepmiibns of the switching device

when connected within a system the switching device is designed to interrupt; and

means for moving the moveable contact means between the first and second

positions in response to an actuation command indicative of a given circuit condition.

BRIEF DESCRIPTION OF THE DRAWINGS

A further understanding of the invention can be gained from the following
description of the preferred embodiments when read in conjunction with the accompanying
drawings in which:

Figure 1 is an illustration of the modular mechanical components of this
invention;

Figure 2 is an illustration of portions of the modular system of this invention,
particularly illustrating the point-on-wave controller and universal power supply interaction with
the rest of the modular system;

Figure 3a is a side view, partially in section, of the breaker pole unit assembly

module of this invention;



positions in response to an actuation conmand indicative of a given circuit
condition. BRI EF DESCRI PTI ON OF THE DRAW NGS A further under ‘iﬁt ?@}9 of the
i nvention can be gained fromthe follow ng description of t 3{) erred
enbodi nents when read in conjunction with the acconpanying draw ngs in

which: Figure | is an illustration of the nodul ar nmechani cal conponents of
this invention; Figure 2 is an illustrasdon of portions of the nodul ar
systemof this invention, particularly illustrating the point-on-wave

controller and universal power supply interaction with the rest of the
nodul ar system Fi guriéga3b & aside eetistiabwewpdnat iiadihy aitmtaeicoporatinf tuiohe
breaker p0| eacf.ﬁﬁ'tbx.t ﬁsg%{épl:a\ﬁbeﬁg@bl}egb?{h Blt%]ér &ﬁ%%&"hl?smve tIOI]U| y 2004 -5a
Figure 3b is de 'sectiona |ne actuator; incorporating
two actuator c0| |'s, W@ﬁlscﬂanﬂlb@at@mfWéluedjgpsmh@vaweak@latqmdﬂhle obthist hi s

invention; FRhauidg: 4 1s an illust rat| on of the three position vacuum
i sol ator m)duleo this invention; %ure 5a is an illustration show ng the
mechani cal nodul ar rﬁ%’é“r@ﬁﬁé‘l%‘f‘m@m oViRg SR mieelfnice mpdeleeeprponeats f i e

t hr ee- phase IMtldaabm@étéﬁagaﬁgaﬂueeJﬁhﬁyﬁﬁbmnla@eﬁ&ltl I lustration of the
mechani cal nodul ar ¢ E%lgn nts of this invention connected to two Separate

bus bar three-phase & an ) “gﬁ"tle%u?f% mechaicph modylar egppeaetieel i t he
system Fi gufientia dofinedteR@pi Seprate [bhitiBirrtBet-pihsS RPWIRIwhibIe o $£ R erR1yA

t hree- phase faté‘l:tte(_it %urr?nt wave form by a sinultaneous opening of a three
pol e prior arterr Uty Hr errupter; and Figure 5b is a graphical

Il lustration show ng Hgv@ @‘ikecgraphmaiallﬁdﬁbﬁﬁrqhbﬁﬁg theddffett dhld thegatphwva\eeulfl or m by
a synchrono s.of .a.circuit breaker. havjn

i ndependent %3%‘?‘3?%?‘9“# raseaﬁ%eg ening of d frcewsls g normtcﬁcwtﬁ?t%m’iph{/gmi on.
DESCRI PTI ON OF THE Pmamlmmm fhowipg the dffevisdr athes-phine fmndul ar
mechani cal  CQABRNARE Jordf b BisTnchRUGIL dRfing gg%ﬂre@g@@% %&& b%eakéé rises
a vacuuminterrupter/linear ‘actuator asseé oug I gure '} shows
only the vadispRofieRt eatopy %frea‘ﬁ’cﬂoiel%wc‘éﬁiaﬂ?%‘élﬂa Sénvpitgni s sealed within a
"solid insulated housing 24, such as epoxy, silicon, polyurethane, etc. it
shoul d be appreci at e(il) t& tIhe entire unit_ _can be seal ed in the insul ated
housi ng, however, =51 ..cpgc';%HfrPy EERREREMBORDIMENTS: 5 he so 2 Jul y 2004
WO 01/ 50561 PCT/ | BOO/PE)gh&BQlIlusu'ates the modular mechanical components of this invention. The

breaker module 145 comprises a vacuum interrupter/linear actuator assembly. Although Figure

3(a) shows only the vacuum interrupter portion of the assembly is sealed within a solid insulated
housing 24, such as epoxy, silicon, polyurethane, etc. it should be appreciated that the entire unit

can be sealed in the insulated housing, however, it is not necessary for the actuator to be so



-6 insulated since it is arelatively | ow voltage conponént. The vacuum

I nterrupter portion 26 of the breaker nodule 14 is a conve:%tdl'(ugygﬁio circuit
breaker vacuuminterrupter design and is nore fully illust # Fi gure
3. The vacuwe duosir upter 26 is housed within a herneti cabdyimeeadssrl vessel
34 and includes a stationary contact 2& .and noveabl e contact 30 which is
actuated through a push rod/ noveabl e contact stem assenbly 32 slidably and
sealably fitted through the vessel 34 and operable to nove the noveabl e
cont act 30 inslatedsincoilis orlatvelyalgw veliage vaninenenk e The voeum inteavnjer cotiomat o28. The

stationary GOBkACt méfid H i§ ARARELBE LRLA BN VacBh® GhidduGRl dSRNINGE Yore Sl ed

within the electricall |nsul ated housing 24 to an electrical connector 38

that is desfulinillystrated i i fhe Froem #H@@W@%@e&mﬂ@w&@ﬂ cal

connect or Ofksdeh g4 wapmuﬁaassaoét@doﬁs&y omehdt es aﬁ@ms{;w@ cbxﬂacFBgl’thﬁzhjis asthdidd arly,
t he noveabl contact Og%ncongaected t hrough an el conductor. to an

el ectrical FERYSH T rpoptact &F@@SS@IP ¢ ot FIE‘alPlY 9“‘33%%?1@136@&‘16@‘0‘%%’%@13

el ectricall %ssel Rsadaladbld mlﬁbﬁgha?éoﬁﬁlﬂe b@tadea] m&sﬁ obpoﬂag@eﬁﬂéﬂt Rt the

corrpl ement a eI ect f‘% ct or o tzg f%é ctor CBgul e 16 shown
in Figure 1 ﬁ‘?‘?‘@'c‘fo %t 8 Eﬂ?ﬂe éﬁ“t#&?" &Ry or
socket s, buiealdia@ithi:a{hb ylesﬁ@uir ﬂlﬂﬁﬁed)ﬁouilbﬁmmeldﬁﬁdag@nﬁ@tot baithattih@esizadtinect i ons
are mterchangeagﬂl The ,ooveabl e con 2isin

rod assenbl
turn connectd CREPSPOLing PRI RAY S e@mcal Fonﬁe 8? gf'aoc}’lmﬂﬁ‘s’\mf %ﬁd rives
t he noveabl B simwnamﬂguwtb Simibely, tbé mmgblge:nﬂm is wanhdvtctl Herosghadn devdricgl cont act

28 in resp &ﬁ&czopwa& LOR & B?e%{&fﬁé’%ﬁﬂﬁé Al Ladi. s‘meﬁfa&"b(wg 3%113%1 appl i ed

at the electrical connection [t ne ac ua or coll
derived fr oinsulated hoesingt24 and tsrdemétommateqmmwy ctbetsion] ictrmectérronrilsy e

detai |l withoregardel Qoduidid o in Fi élaaaccaﬁ%ﬁe%e@s 4 48%af? bithe

conventional design and consists O e|t er one or ectrica Ty wound

coi | s wound? %&Soqarﬁackﬁf%h!gr@wa@w shouldh be 108 51 @merdwglbw thet Fhe[f@SIFBF‘FQ?ﬁé@

adj acent a ih@fchﬁgeabﬁr he Ao tdabITREHRRE stenb/Push P dsdbHB2lis H8HHBbnrkhiss bFme earth
magnet is inter ﬁ}ﬁéﬂ&tv\een th %&}ICO i1s and an armature disposed in the

hol | ow cent &P# eﬁ@‘?"@"rc“(g c§ e mqveableicputach it 9f opf of Gheasemen)
vol t age of witigihy @tﬁuqaﬁﬂya:bmﬁcy 28 $n femhs'e&d al @phthe aﬁapﬂroﬁﬂtetc@lvﬂﬁgﬁl WhRh & nat ure

45 in a first nd vol J‘teo po | lied to
the coil 39 P%%ﬁ{)@%el %ﬂ?ﬁﬁoﬁfl ﬁ%@rg‘%ﬁg?’g eF'éeéltf%/B’r{ﬁel? " he two
coi |l desi gmnaﬂavehmtrollbrmodnéemMaImmodﬂeﬁhmﬂaregacdtomem -3(b) voltage is
applied to one of thg Goj, esacé%oﬂefai&f tn[ogalﬁees?t 'a&{‘coto goaf”%h%f mvegent of

the armature 45 in one direction and age 1 € %6 &Cond coi |
41 in the ofystisillyewelindecoils giound erowdus enagpp@ély tpemmble ntewﬁow dbrt pesitmnevat ur e

42. In the | r_lngéd r éﬁa@a ﬁh wave

controller %Ddﬁggh&uggg???%ﬁ i’?&?ﬁmj ‘E’gr%g ttger Wit % g% gl gure 2,
i ndependent ejveet e 4 @%h@%ﬂpﬂge dﬁm@ﬁ @@qb@ll@’aewteeolnlﬂlamlq epil gesigr armed
in one enbomgme&mmggre3@4)vaa.gé&mrgh@ﬁsoﬁﬂwﬁ&ppﬁmo%%m3§%mowbxmﬁm¥eol tage

to both coil|s simltaneously noveabl e contact 30 to ease it

into a soft ﬁl&ﬁéﬁﬁﬁ&ﬂ%&ﬁ%Wévgltagﬁp%%fagvc’%rwlaw ipapplicd tp gheregl 3Q i1 poveithe ¢ he
single coi Iarﬂaﬁegsﬁmeoppaélﬁeag&umlmwewo&mmm ofti ihifle sbhdadL4CPobm GAN be

reversed | uﬁéurc? ?(L)Oxsoﬁagtqu ap%l?e%%cr L:Iaul:gle colflggm 5&'&%}12 @on to cause movement of the
armature 45 in one direction and voltage is applied to the second coil 41 in the opposite direction
to cause opposite movement of the armature 42. In the two coil design illustrated in Figure 3(b)
the point-on-wave controller module, described more fully hereafter with regard to Figure 2,
independently controls the voltage applied to each coil and is programmed in one embodiment
t0, at appropriate times and quantity, apply a voltage to both coils simultaneously to brake the
moveable contact 30 to ease it into a soft landing on the stationary contact 28, Altematively, in
the single coil design the voltage polarity applied to the drive coil can be reversed just before the
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2 July 2004 WD 01/50561 PCT/1B00/01982 -7 contact is closed to soften the
| anding. In that way the noveable contact is driven in eith%r cgjé'dgﬁction by
the appropriate drive current being applied to the correspo 0‘l h’ ectrical
coil and tNeoewsessrent controlled to reduce conponent wearcT/iBooogée it is
not necessary, because the voltage appjied to the in-line actuator is
relatively small conpared to the voltage across the vacuuminterrupter, it
is still desirable to have the insul ated housing 24 surround the whol e

br eaker nodektectistclagd $deofien ithe 1iEidipgr én that ey the mmveahlei cotiteq imdrivemiit eithbat

enhances th |t . d

nodul e 12 s S\E/\‘f{n&?’ﬂ%i%ﬂ@%nae CPISIB Pa-%er pogigﬁbg\@%iﬁoﬁ%]%n%ﬁa& célscgn%{ one of
the el ect ribamormrniewnielisd 38redyce Iompskent Naath rBakahrit ismdUkeeestaty, bpnaesdicabl y t he
el ectrical gean tb@ r
contact 28. m‘h‘ g%&&?n%eﬁégﬁg%%@r lyrfﬁg 12 1s %&e&({ﬁ' %é?zr’égﬁié% Yn

Fi gure 4 whiae¥isiiésmgpter itHs sl drsisible terhayesthe dnselpted hensing 24 swaqya@nﬂ@ Wfole
connect i ng fhgehKRKAE YW Biffut @, t@tfm% lﬁegmﬁxﬁﬁmgtrenﬁﬁeéa% Regihaf or

ground. Alternatively, the vacuum i solator nodule of this inventlon can
enpl oy a t vibe podila s 8 9lscuum i sol ator where only one bus bar connection is

envi sioned and a gr opied@eusQRas iiodile ﬂ:ﬁshﬂﬂﬁmﬂgﬁétﬂdnterb&@d@hn&nﬁl@b%
p05|t|on vacuu i sol ato

e vaouum T2 G P S D e b g0 Of 1 RGP ECie s PSR, i
S R e R e T
2I6eg{ r isgél aﬁmmﬁebﬁfﬁnﬁbﬁn}%ﬁbﬂ?ﬁmﬂﬂa& ﬁl)élgbll;b ﬁgﬁﬁub@ndgil%bihm gomdect i on
S ennde L NRGUGN.d, SO GHRIA A 8 AN RRRS L, RSLONWNBLd LA oS the

el ectri cal co he "c¢onnec
subst ant i al bglatprswhent enly ohrebesdrar gennention fisr eyprisionsdeand vaodroundest ponectiannis nobf t he

surroundi ng&sueﬁhﬁo@hﬁ%ée'pﬁﬁﬁon%&ﬂﬁ%o ﬁ@mﬂém‘? BEeE&ko B?ecﬁgm%&a&eﬂ cal

conductor to a noveabl e cont act asse I'gurative esl gnat ed by
its | ocati oRteyatuupgolaornadyls|ly isanaloppps inpay rspeckiy e Wscuhmémpfér

reci procal M ﬂo&iﬂé‘@# ngbvicaly | dsscriesd @ﬂh\fég&um ¥Re%e. e PN eMdeddai N the

i sol ator nodule 12. The vacuym vessel | so houses two stationary
cont acts 5@%@%&@7[%3@%'3@%@ Pytia B RES, QR Bote 4PU0EF WRRTh are
respecti vel Gfﬂﬁ‘e(iﬁlfwd aecﬁ@bvmal d@ﬁhﬁw@fs 46 lofd thie Whoitbia liso P Bho @llOT125 l'ﬂh@ céth@Gbd i Gale
connectors 54 and 58 ich nate.w o tar ee ri cal caonpnectors
ot Tuer Groudl et RSy sk oSSBT TERAR te A don R PR o1 ¢
w il be appﬁleednactcexb blyctiidathy am‘ssinbdtdn&ailylmlatebmeapﬁductm‘a&bmﬂctwer soltagelpotiieaessar y
to so insul afttﬁ%e § %{oung?eeeég&glct P efc%»ﬁnle% conqec cfglr éltoa d 62 are

connect ed tO ane sta I ohary con IS
enpl oyed, amowhhle cqntaetalsseylblwtﬁiﬂmwy é@mh:at;l by ipllchm@@utmh e}b:eesxhs sh;twnb

el ectricallyl. gﬁg %Eﬁﬁ e 6 and
subst anti al ?&f} llpg%i tet ?%dcltgﬂﬁtu%ltl rg%lr%%%@%c%&% ?ﬂ%u%&%?eﬁl\?g’l zlaqge
porti ons of witieths isolatermdiuig12. Tihe vidume evegeel S04 §00IRiso houses two stationary contacts

52 and 56 (figuratively designated by their location) which are respectively connected through

individual conductors to electrical connectors 54 and 58 which mate with complementary
elecirical connectors respectively associated with a ground connection and a bus bar; though it
will be appreciated by those skilled in the art, that it is not necessary o so insulate the ground
connection. Flecirical connectors 54 and 62 are connected to the same stationary contact. If
only a single bus bar is employed, an electrically, insulated sealable plug 60 can be used to
electrically insulate one of the electrical connectors, such as 62, and substantially isolate that
conductor from contact with lower voltage portions of the surrounding. The three position

vacuum isolator module 12 illustrated in Figure 4 is constructed from two back-to-back vacvum
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vacuum i sol ator nmodule 12 illustrated in Figure 4 is constructed fromtwo
back-to- back vacuum SUBSTI TUTE SHEET (RULE 26) 2 July 2004 )p 0561
PCT/ 1 B00/ 01982 -8 interrupter vessels 50 and SON, respectiv@}/‘@ Si ng
noveabl e coWw@ersed@ and stationary contact 52 and noveabbPermmbmst 49 and
stationary contact 56. In this arrangepgnt the noveable contacts 48 and 49
are connected to the sane electrical connector 46. The toggle 68 noves the
noveabl e contact push rod 66 in opposite directions relative to the
stationary wénpptetvesds S0 mddPNdiemgetvile honsing aoieable contast48 48 stwilcniry comtacs t abl e
ositions Wi tact
52 i1 ar Ty "ol abyD st up o) <GRAAINRRL 5o b'lh dfabkl kel )

the toggl e @Biapts 4dandidgeaconescivdioche same ﬁb%%@bmn@tmﬂ@cfheﬁmh 68 gubvesthe n
opposi te di feehbio Rdntack ?hﬁt fo&eéﬁtﬂ &ppsslté tdﬁsana&a{ebéu&%tﬁgkmé&my%ﬂt\ga%ng the

noveabl e cont act positions, either 1nto”or out
engagenent HPYiRing H’é %qvéﬂblecﬁ%t?‘iﬁ 4§d‘ﬁ*@é‘€? stejde popikians: pigpRialsl OEM@a%emmt is

fully clos e%ﬂ@melstammg\ﬁbér@acmn@mlﬁ&dlﬁeﬁéﬂdénh@ft&%mu&i Jfﬁié'niov&l?l%'c&ﬂté%f‘ the
systemis grounded en noveabl e contact 48 is F‘é’a{? closed and noveabl e

contact 49 1% Herogelfedsdpamangsd te goye the goveaply fontich aush RRSgitn direqtiens s
connect ed t fiatitkero ﬂ@wﬁons@umm §4) pviding Gle @kéable @bntROMNGE 1GH st&&e osM&%n t he

toggl e 68 c ses. bot veabl e ¢ acts 48 and th e op

poalt Fon. GG o g oR ERgi FAbE SEORRE ST Y Do eGPt 5 52
and 56, resﬁﬁgtcioveﬂl ayid miohieblercesthce B8 Muheeopcﬁémnﬁ ;fohxﬁkﬁ:l; thagyste'ﬁhﬁ dr@@dde 68 is
desi gned w n.in erI hat revent s bot acts, . 48 and
49, from beﬁ)r?lla cméesageJ 'a%ﬁtg sg‘ﬂp t§ neandAmg egbl? ar cpg% %?‘lo%eél Wt eved
usi ng an i npdsitiom thedacaalgamdulasmsh@nchtad\t@thmwusﬁﬂﬁ@gh tlbntricainroaeinhcs4.

contacts. Al“g,g{ | an b

desi gned as descri gglg o cm%%%fﬂ%glgoﬁg%%\e erl a@%ﬁo 4 %Al\% bjg?lﬁ g& g%ostﬁo St OF

98- PDC- 065) <onfapt vl tbmwufsapmd!ﬂgwtah@mwmwts Beapd pé [respestvalprihie Hrsbleer owduiodul es
12 can be capgadfds abhelth @&eﬁgneli Ryith 'algi:ifeﬁoci%e& Preveb3 %Qﬁ%ové@fe%o&t&%n one

line source to the | oad To ejther increase power input or provide an

al t er nat i ve*Bdé?: Foacheins c 10?%‘@% EEWWVWE?&H%%P@WY%W& pen-lipe uum

i sol at or nDghlar 32 the &0 ﬂﬁ@iaﬂdmtf& mb@aobéa%kceﬁtad@(m&:ﬁaubéiy,t ¢ arahpRkeet ri.cal
connector 46 can c necé{FQ&s&ﬁnl&{ nodul ¢ 14 éo ei ther of one or the

ot her of twSPfE; MO %?i’dm APPLGEHR el Mot 1 oati-ng—disconnect
with both nmteﬁbybo@eummcsoﬁﬁﬁ&ﬁdon@&rdnﬂyhdﬁﬁnmpen position. In the

illustrated enbodi hown .i r.e t he e _contacts 48 and 49
are moved under thenlgrYf’ﬁafJ ﬁu@gusc’%m t’%’é olégcla%beefgsc "‘ij‘h‘ésitfathg 1% SRRy

t hr ough t hecanhctmorditiznroat Bnnoueaisl the bahtoaither esiadel thaysower mpitloe providy aabl e
o an) o SaBfhat Rl Ak MR, rhi, AOHG2R0RMIR A hO MR FARbARLAR 100 "

moveabl e contacts open, pOSItions are ‘controll
over - cent er conpggistl do fhe diealr spadels 1driblovght digstriclrbimeeton4s o annectt the Yreaket i on
switch (not t

Wi ( m@cﬂﬂ@’@to Qfthel Bonk LML otﬁér o}' thaif L\ﬁ%&% Ipm”%gluﬁd Jo%&roiﬂﬁéea floa h?%r £ ace

el ectrically conducting portions of the |so
with ot her pnegh with both moveable contacts 48 and 49 in the open position. In the ﬂiusirated

embodiment shown in Figure 4, the moveable contacts 48 and 49 are moved under the influence

of the toggle 68 and push rods 66 and 67 through the three discrete moveable contact positions,

either moveable contact closed relative to its corresponding stationary contact or both moveable

* contacts open, which positions are controlled by the over-center-toggle mechanism 68 under the

influence of a rotary action switch (not shown) on the front of the isolator module 12. The

electrically conducting portions of the isolafor module 12 that interface with other system
modules are enclosed within a solid insulated housing 70.

Referring back to Figure 1, it will be appreciated that a third integral module 16 is

provided to connect one of the terminals, commonly 36, of the breaker module 14 to one
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nodul es are enclosed within a solid insulated housing 70. Referring back to
Figure 1, it will be appreciated that a third integral nndeaéf

provi ded to connect one of the term nals, conmmonly 36, of the %

nodul e 14 t Y@AESISUBSTI TUTE SHEET (RULE 26) 2 July 2004 VEIEHMBEBﬁl
PCT/ 1 B00/ 01982 -9 conductor cable of ggmulti-conductor cable |oad circuit
72. The load circuit connector nodule 16 includes a correspondi ng

el ectrical connector 74 which respectively electrically insulates and

subst ant i al ferdicispablecd a payli-qopdugtoreshig ina eircuft 7d rihe dnad siecuit panngrtdr oéle 1ol t age
portions of kg a%éﬁésﬁbﬁ?lﬂig%ctn@]%oﬁle@c&ﬂ 74 w@kn &%@tﬁfafy%c&émg%ﬁfa&y Lgled for

each conductor cable. The nulti- conductor cab res ectlveuz carry
0

di ff erent pﬁ@ﬁ@?méfm@ﬁ?*@ﬁtbﬂ$SﬁﬁﬂmﬁU@¥¥ﬁW@mbﬁﬁ@ebW@UWWEﬁ%Fﬁ%ﬁ@dﬁt rosplit

the current sirduringl V@ﬁ em%aﬁm cord3bter 74 RrdRdel 'fOrCeQEHjé{ﬁE&[or CAM. eTheOaRlCi I eui t
72 can conpr ductor cables illustrated in Figure

%ae nor n the three ég

1, which is it pgspegtiyely, earmy edittorent phaspseed qurent fromy A il phage | o
coupl ed thr am%ﬁ c&ﬁluﬂ dﬂ&;gi‘t 13 leurfineia talgiv@ A bha8d) NI, H mulliR condiitid uﬁﬁmbadailu@ﬁ{ rical
connect or ich is de ectrjca

connect ors gmgwmggegﬁrﬁwgqﬁﬂagﬁgﬁﬁwﬁﬁaﬂ%mfﬁmmwﬁﬁg¥ ﬁﬁn VhICh B BSPRL LS or  36.
Each phase bailleshstive pEoi ldédcal mﬁd@to&?ﬂ ik tiupigd thtougluin iftarnaltelotificd. cuntitor & whi ch

d t t h.a t..sh 1. The | oad
N T VT W N RO T e N

vol t age t r abfsérd8 we the b akenimiodtie 14 moretcemmahlly yomnentdri3guEat phast hialso ploeidédad
circuit con hases and
REE LPbre uﬁ&c mfoin?er%@wﬁﬁpm&a&%g,ﬂ?&g%gen m*%h]lng haases

ground. The entlre rcurt connec S enc
solid el ect injfigire 1.nEhglleadicipnit @m@ﬁma@ocwbobéyalsosncmdmluwlcyme@ioha&épr 2t C.

Thus, Fi gur gjihgd &absia;n@@iaemcﬁl% ¥Ry b R mtﬁin% 15&&%@%&@@?&%&@'

nDduIes of the circuit switch mgjp %zten1o IS 1 nventl on oul d be
recogni zed thigtcoprsat UshEsk eve b ses prd grawndi rbd e logd eiouivamnsctand at

I featsth olne \éﬁﬁgir%lﬁm@ﬁéﬁblaéeﬁ Rmtﬁiﬁdéliéi%leé-tﬁ?dl ﬁ:sﬁaﬂzsh,l staéhlayego%ﬂ léﬂlﬁﬁl,dpd;l}ﬁlfethaﬁ'@-gt? phase
0 e |l oa e nonjt or cont.r cti i n t'he poi nt-on-wave
control - modul e 88, n@%?f%@%%ﬁ@?ﬁ@“? 8%@ %ﬁﬂiﬁﬁ?%ﬂ%ﬁ%ﬁﬂmqqiﬁ¥¥F5PH%
}[Nhi c hf form maﬁﬁcuﬁﬁwmmg lspeeeh ofahis mumngcommﬁd ld ®E rd¥b sk thidtone bﬂaacteyh@.ba@ege "

r ansf or mer LG and .o ensor.s. i e circu
swi t ching s¥ eeﬁﬂl’r ngqsﬁgl%t ﬁ%‘”&?’}e\ygmgli“ésr‘i’%§ m%‘ﬁ {}H%S‘ﬁ”ﬂar Yirrrdtuat or 40
in the breambﬂmﬁnﬂﬂwéxm4Tmamenmnmﬁmﬂummmlﬁﬁﬁm&imﬂh&dm@ﬂmﬁhgﬂﬂec&mnﬂhe
poi nt - on [ L.on i h e

pr ogr ammﬁ?%gdcugnt r’g%lCh r}&g{g& %ﬁgéc#% %v%l? mgrférn g?é%@foh@ rat at ¥gh nlu%dh | ower
vol tage thaﬁﬂ@MGmmﬁMEnK&NdlﬁoﬁaVd@@@agaﬁnwﬂaﬂadlﬁdmb&@umédbﬂ&aMQmﬁmndule

|11 ustrat edsehy iR he LiRR SwitRRE §fde ﬂanﬁ%r&vﬁﬁﬁiegﬂﬁeesl 215 fof BE iV b A0or s ? fn driving
the electronics and contro CIrCUItS W t 5%0|nt on-wave con
nodul e 84 i %e beader mehledy. ae rmeyp Hilly ilbmraind infigwe2t 86 which forms the

uni versal power supptié féwit-onivae %@ﬁ&o@%dﬁi@n&li o mmmveﬁiaﬁr%c@%nﬁ@wat' ng

functions of this invention The power sup ¥
programmable controller 88 and driver circuits 96, opera e ata much lower voltage than the line

and load voltages protected by the breaker module illusirated by reference character 14 in Figure

2. The voltage for driving the electronics and control circuits within the point-on-wave control
module 84 is provided by a conditioning circuit 86 which forms the universal power supply for
the various monitoring, control and actuating functions of this invention. The power supply 86
provides inputs to the point-on-wave controller 88 and drivers 96 which provide the appropriate
actuation siguals to the in-line actuators 40 in the breaker module 14, The point-on-wave
controiler 88 receives inputs from the three-phase current transformers on the input module 16;
the voltage ouiput from module 18; ouiputs from temperature sensors that monitor the

temperature at key contact locations; the closure sensors 94 which identify the state of each of
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provi des inputs to the point-on-wave controller 88 and drivers 96 which
provi de the appropriate actuation signals to the in-line a 3} 40 in

t he breaker nodul e 14. The point-on-wave controller 88 recéives 1 nputs
fromthe thmaxeysesde current transfornmers on the input noelamodéoes: t he

vol tage output from nodule 18; outputsfhromtenperature sensors that
nonitor the tenperature at key contact |ocations; the closure sensors 94
which identify the state of each of SUBSTI TUTE SHEET (RULE 26) 2 July 2004
WO 0115056 1thP@EminBReropnies 24 for ¢0h phese effla ninif; mdeceslginestes addvelooity wasks phase

of the circ d W th the
vacuum i nt e#érotﬁrgttegggh?ﬁ%%%ﬁer S ngsg{a |Orl{§éﬁ$§ﬁ$éaﬁ§r&§8&%ebeg%%g&gg%€%% better
under st and nderstendy/ihe GRviERSHL CEwTER rfates t’ﬁ'ﬂhé companprs, Semvise mesadsand saperafinge r ecor d

and oper at i figory b i s;:«gtymoiupﬁtb&e Y f}%&aﬁ@& RRysHfe! &ls?elmthﬂﬂanua' ly
operated rel ays and rip relays that f or” exanpl e

i nst ant ane oRFEORH dorgEanagle. insiaptageqnscapd delpp . Calmﬂﬁloﬁ‘blrﬁle?@ﬁi'%%eve@@?ﬁqu@l ler 88
per forms, PYsOSHEBRTE fhoSitmBd GReH#Snots agmeeofqﬁe bR AR GhekdmddlR Rrgaker

nodul e 14 by rOV|d|ng t he appropri e out gnhals to the drivers 96,
i ndependentl?]f?/VI & %P@F@P&t‘é"‘t‘tﬂg ‘ﬁ‘iﬂﬁ drixcry ?ﬁgf-"SFPé’nQ?BﬂYafo wrgize Pinlre at e

pﬁl nt in theweidisrnt élié%’@b@pﬁd@d’ p&@Gh wca&entqwé i ) eh¢hnﬁ1a§eowfﬁ@hne affef ding to
t he given, progra unction t Qi nt - on-wave coO

nddr Sssi ng. Sephd BB g bobinil Rnehon B i e e FeoSP Lok S UTER PR ¢ he
poi nt - on- welee egamiyle; ¢ 4 mpnval ¢osurenmmindand 90 here@ived eidtpolyoi-wavertotttstler plilase and
direct the 'thloé e acfuator 1o %I ose atirgcetth%onli-[met grltg s RS UUM I nf.errupter
in the breaker nodul e 14 at the o approprl I'me ltf) cirerer

optim zed s@ewar mrmptemwﬁtalbteammdmaolﬂsat thih ook appropridie) tioke | to raclgévet oe t ype

e . & SrimiS BRI oY Groni LGS ¥l E1 fnc of BE 113k B 80 cpldisk

poi nt - on- recerves a trip signal each of

the res pectIP%fl‘fenefFl Ae theotheabasdcif te peiat- @p\éﬁ’i’elcmpﬂer@@ﬁwwm@% ivwiluum

i nterrupt er grectiehchlof e @ésfea&wm.ﬁﬁw&u%m 44td me@&oﬁkaboﬂcﬂlg%m it pRAE Nt
damage and m nim ze arci ﬂ For  each t pe of load genéerally two such

scenari os eRiletbreaker pqdples a@iﬂd"ﬁﬁ? euiregrtidagpge spd grinimize pwiae. Forad and

faul't condidabiPfpe oﬂWd%eﬁ@ﬂIﬁﬁU'sﬁh'#&naﬁ&%xﬁpﬁoﬁ&oﬂydﬂ@% foR Biduft|op&ingB8 i n the
nodule 84 is a- F@ﬁg@sor based el ectronic control which provides

i ndi vi dual "é1°§9 Yake and break circuit connections to increase
el ectri cal | ife of tMerevmeisulanly, ﬁh@lpbﬂtpdreﬁﬂavemﬁht&MEISSWﬁ Mhenmbite SBrigaker

nodul e 14 and ot her ) and dr ca duces SWI t chi ng
surges i TEeRpgion ke SReERERERS s 00 BRNEbRla T RS s B, e o
controller bmdimireut&d,nrabﬁms topmomasecmtrimlﬂufertg ﬂadlpmmmmmf mntabthmtpmrthimnent
magnet in-| r.Gi o ntact erosion,
wear and enlélr%fggﬂtﬁn% ac‘:lgngl%ﬁ%%%l &‘%‘étgfsatm%%%%"( one’ ro?ﬁ t*hé an

el ectronic Wemg acwinvely gmall gzed Iproditie The paittroniravscobrlietimpdiladst alive
in-1ine actyahfk imhg adiiGhatiGol EpetnbR WaPiRt indine actuator circuits 40, to compensate

for contact erosion, wear and environmental conditions. The system functions from either an

electronic or manual command signal.

The electronics for driving the in-line actuators 40 include the following: a
power conditioner and power supply 86, the point-on-wave controller 88, and the breaker
meodule 14 in-line actuator drivers 96. As illustrated in Figure 2, the point-on-wave controller 88
is connected between the power supply 86 and the breaker module in-line actuator drivers 96.
The point-on-wave controfler 88 functions as the command center. If receives data from sensors
mounted on the breaker module 14, e.g., accelerometer, velocity sensor, etc., to determine the
time required to close or open the contacts and the amount of contact erosion. It also monitors

temperature, and can monitor other environmental conditions, e.g., humidity, to adjust for in-line
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power conditioner and power supply 86, the point-on-wave controller 88 and
the breaker nodule 14 in-line actuator drivers 96. As illu?wjﬁ’tf(ﬁ’

Figure 2, the point-on-wave controller 88 is connected bet e power
supply 86 ameDewsesdsr eaker nodul e i n-1ine actuator driver spOBIBo/Tivg

poi nt-on-wave controller 88 functions g¢_the command center. It receives
data fromsensors nounted on the breaker nodule 14, e.g., accel eroneter,

vel ocity sensor, etc., to determne the tine required to close or open t he
contacts anetielieopsrtionst chatges and mesiver ingsingion fiom the coptotvpiiage rud the waliege at ur e,

and can monidiQh ok Resrirmvs MR E% e G Qhlck ORGe &n@on»wﬂh”%nqiohéfr’ gst QsAd] ust
for in-line SUBSTITUTE SHEET (RULCE 26) 2 July 5004 O 01

PCT/ | BOO/ ome%*es open %ﬁlasatcemmerpslé gy At @hﬁﬁgbewwém dheyiplgldipapesstoj deftey mat i on
from the copdifi@b-witddpidfon. and the voltage and current transformners
nmonitoring the |Iine source The poi nt-on-wave controller 88 also receives
open and cl ose comm'ﬂﬁé’mPT’W%"e(?Pl?‘tE’H‘i’ftggl”@F 3lsp intedrch MY pherslechis sypteny | gence
to do the PahdEwiRPzUENEh aP eaﬁv@nemﬁhemeel PRI\ @R iciRh | s, Wil |

al so interface vv|1h ot her ronic stens the swi t chgear s ch as
B orect ve Pyt b rdbpionel et T onG SEE RO R PO gt ol or
it is indepgaeaase of cinfidsddy gielwdle. el ectroni ¢ systens and nust function even

if such other syst are not bl e.. The power s

i ncl udes a power coﬁ]gqstpo‘gr{es}lp %gfmagdee%pf’gw Q?ngﬁa%ergpt e LﬁmgSSﬁ@rPB?/ power

and convert @ntrcﬂ@owamnd ainvgeercottm! powalid agdiagd, /e, 48-248 VEEDor IO nexdedly, needed

b the po art of

the un ver obf PaihBiob ¥ Tho Skl bl FBlbdP oBRRT: bt die SIAND S5l

necessary, fupply 86 eNendgectargedp@omn@nmbanﬂnewysarﬂm chqammap@u«pﬂvbwers%wmt s as

t he ener (i t-on-
gyoﬁ’i{w%f &g@ y B s {h%n o‘?s[éE h{e&f-;%r% {30 biEctdNis Eg%{éu ln( e %cglﬂpﬂ

wave contr recel ves "I power romthe power s rovi des-

al | the tinVf§ cangller B8 meceiges th!é@@@%reﬁoyl e PORE SEPlY A0f grovidey g ardbrs 40
and recei ve&nﬁafnweﬁay kPepeRRIY iniBCacBBRFsAD lafifreceiRinfirhRioh ScCBe Seralifle

br eaker nod es 14, vgﬁqge sSors and adjusts itself to conpensate "up
front", bas®@ragFishes Pefiglesslda iig serspisy apdtadits ALt BPETEsE S

oper ati ons, frafi, Bdaed o pids@tt €hditibns an BrfoHR ANV Whout Frevidis S pde@iond) Waldh B siofed id ne
act uat or erver 96C;'I|Ih§Pt e firing.circuit Sﬁﬂﬁs a link bet en the

a
power suppl { ragn ki e\vg dlﬁf? 405@%56 ’ﬁﬁﬁ & P thatacl 25
by-recei vi n‘@ptwaen ﬂxe powee supbly G ﬁohﬂ-omm&moﬂtqﬁﬂi&} aatd th-lire eerana s 44, bpmdiﬁﬁg

e poi nt - ol gt ShveP dpb) ahd Efulal s hBE AR AP leS éfe%PZ‘”Sf *he

cont act s i nintineadetentadls 3haddles 14 | i ne source voltages and currents,

control vol tage, weameggomtw@,aweanﬁ?ﬂa Bl 05V exBlor CANLBG B Ot r N 0

condition of the contr power supply enperature an
char act er i stuiagls gfthe braakey modyps di“wnlgle PRrserhrgenand ompents; eintrolyolegeciesr of

the contacts, history of contact motion, charge condition of the control power supply, and

temperature and other characteristics of the surrounding environment. The following chart
explains llustrative inputs and outputs to the point-on-wave coniroller and the reason the
individual characteristics are monitored.
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explains illustrative inputs and outputs to the point-on-wave controller

and the reason the i ndi

SHEET (RULE 26) 2 July 2004 WD 01/50561 -12 TABLE |

vi dual characteristics ar

e nonitore
PCT/ | BO

gDl T

I nput P. O. W &0 euaosdd\Whi ch i nput s?) (Per f or m What ?) (Why Per f e¢mr@po/dsest um

Voltage Trip Unit(Receiv

e signal to op

_or close fromtrip

uni t) Synchronous operation of Phases A, B, C Signal Coomands start of

process to generate open

or close coil control si

ghal s synchroni zed with

line forload tvpe. Currentlocal [ ref
synchr oni zgSynchrgfous operati on of pddhases A, B, |C. Phaseodf@ont act open
Phase A is the®iivm?y reference, ®Fa¥eE’B s Phade Buse@™&*#mekup in

case

Charge Condition of Supply

possibly indicating supply is degrading,

of ni ssi ng [Actiklid@giGiV/o| kegeie e ake igrasdewer s t d SHSSUAB B eEOTLe. | O
synchroni z §§Fﬁ‘chr onous ooﬁﬁ;ﬁﬂngﬁﬁdﬁﬁﬁé’gﬁ [A=B, |C. Phase Acontact cf ose.
Phase A I S “e PI I el y ' fJQDEIEGmSSOVBIElOHS TEnce chronizz FGIOUS operation Phase
Bused a badkiiii n case of eikonitiEsERan e rdbt |PRASESEFET B as
reference i '\Pfgase A openusedphas'@“@mww verify |phase sequence.
frequency ijs—eal-ett-atedbetermre—ne—i+eq 'uu.\,‘ —H-0M-€ oSS ov-er—t++He
-Rotate Int ‘iﬁ’ﬁ@pon anonpIhEEHE o T \mbf}h Sﬂ‘ﬁg‘gﬁﬁ“ﬁﬂ&*hﬁ‘f%cof[\/l s.
operation gastzef er enced uscTG:Flﬁpﬁlrca{owsel%@@u‘m?has o PrEBS oo magneba.angl coi |
oper at i onal{ Bt%npt to naﬁ‘ﬂﬁ&lﬁ'ﬁ&%"ﬁe&? éﬁf’e““fi‘ﬁéﬁ'““ﬁtf?d fo‘i’“lb’%‘@“ﬁ&qf‘fﬁ‘f’ acteristfcs due
t o changes grmtenperatar ﬁﬂ:i S et e i AT L ELET . L ETpET atur and
coil is chgnged fartenper hﬂﬁsﬁ%? rences ommai f‘malln‘(’:orrpensate for|drift.
open and cl Mes POnSMQrpQMﬁ&m%@EQJ&E%e I NGB0 o iRl QOEE &L
(Cont act Caljcul at e di ti er proeritatwses: Ounanti:pes| e dgndpeaienenceBpt t er
predict fillture times fbf ,F" ﬁgmﬁmfiﬁm&?m‘g& VeI "BETYHEBSI tion to
det erm ne tot ETOVED WE Ful |
d osel pOV\BI’ elémmetel(&nmg Db &éﬁ%ﬁ?ﬂmﬁﬂﬂ{fmnﬁwﬂma&m reng ('Hctter redict turt:ets Aser vel ener gy
by optinumly fcoglo 1P°W“(ﬁ%°ﬂ5 %ﬁ‘f{"‘ve"“‘wﬁ\“:‘é@i’“ﬁ“!““en ’gﬁ“‘g‘gﬁnﬁg&fﬂgﬁmﬂf om
wear . . Load dcuoc ook J’b{ t~abt cl for—each—tand—t pe vz € Sury
appl yi ng bt P¥ast toadp d&iﬁﬁ%’éﬁ Sl a0e Zer G ﬁmﬁﬁ%m
nost ¢l osi ng] openi Nng_poi N} sdsoen witha &6 muzopnet e # arartkgelopgn W th a46 nm cont apt gap
at current [ag@.) H St Or @ of drebscr Bonif conlitt Rs@dRiime, TONI (tr@lici whBIQBfedES coibsORe| PpEN
tine, Predidt what is happeHihy ¥ e-Lifeacts - are | s prdoddosdopen dmos i

contacts are becoming worn and need

replacing or P.O,W, system failing.

Provide long term cowestion to open/close

time,

Monitor stats of supply, charge level and time to charge, Send flag to maintenance person that supply

is degrading and needs service/replacement.

Number of Operations Counter
{Determine when 10,000 operations has been met for VI
bottle.)

I 10,000 operations is reached, send flag to
maintenance person to check contacts,*

¥The V1 can likely perform 30,000 or more load current switching operations hefore it is wom out)

The point-on-wave controller 88 is a microprocessor based controller that is

programmable for various types of loads. There is an input to point-on-wave controller, not

shown, that enables an operator to identify the appropriate type of load for which the

corresponding point-on-wave control reguirements are preprogrammed. The types of loads

addressed include capacitor-ungrounded/grounded inductive, and resistive.

For closing the circuit for most loads, each pole is separately synchronized to

close at the minimum of each phase voltage to minimize voltage disturbances. Upon closing the

circuit on a short circuit current, each pole should be separately synchronized to close at the

minimum of each phase voltage, which will produce the maximum current asymmetry under

short circuit conditions. Since the short circuit condition cannot be known in advance in the load
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tenperature, |load type, and contact wear.actual vs, predicted cl osel open
times simlar, send flag to maintenance person that VI cont %ﬁ@l@%@%

becom ng worn and need replacing or P.OW systemfailing. | ong
turn correctW@p/i08661openl el ose tinme. Charge Condition of SkEpiBMOMS: or state
of supply; charge level and tine to charge, Send flag to nmai ntenance person
that supply possibly indicating supply is degrading,|ls degradi ng and needs
servi cefrepl aeement Nunber of Operations Counterlf 10, 000 ogerati ons is
reached, s efigruli[tigis ppurapRitableponsequspren Fampowe adppdronenb ol polesshoddbe g f or .
VI mai nt enange RS ittheb e oHiad Pt FHR she Fhagesyhébgamzé& thB8 £aMk ik th bathy

perform 30,000 or nore | gad current swi tching operations before it is worn

out.) The peARHES by Erillizseends pead ofgeruirent zerpy Opese vl dicadnfswarntzim r ol | er

that is progsamBEue t@mumneadddUpenits/ PR& Wl difdfE. thel hRkifents offipdtiiiie- t O

poi nt - on- wa%/gglpgn%tn ol | ‘r)q%a@s*n&;hovm Htg{\p% gg@?:r%g‘ﬁ%n t%%rat Oﬁgﬁeltugg]l dentify
t he appropr i n have
control requwpmﬂl@d%ﬁhmﬁm{z@gﬁmﬂmﬂae types of |oads addr essed

i ncl ude capacitor-ungrounded/ grou @Fd i nductive, and re%Lstl ve. For closing
the circuit for nost PEads™ % Eﬁ‘% garret, wandom pbening Wl PYF BFL IS ¢l ose
at the m ni smnitaoéous amimcpprasell veshit &gide tantants partingz# randbh ag ehetuséni waanées. Upon
OO 0t e b o2 AR RN M e SOE L RO SR e

whi ch wi |l feiodremiontietheplviseire tuesdnn thasn}nmeaterqocem,d:ecom@ﬁmﬂt topredicti t

condi ti ons. g ance in
the | oad SUBSTT O g Ao bl b S EMO e sy P B AT B 62
-13 ci rcui t presepjbreakess iy gffigiatoi dabl e consequence. For opening a | oad
current, all poles stulge B@'ﬂ&hroﬂ Qﬁép%&%énﬁﬂoyﬁlh%@ﬁoﬁﬁlﬁﬂ%ﬁve%ﬁﬁtﬁ‘ﬁf part
w th one phase synchronl zed to’its face current 'to part the <contacts 1.5
to 2.5 nil| hsdwsipafola¥sEd of a current zero. Opening this far ahead of
current zero wth a m nimum reconpgiiggids openi ng speed will elimnate the
occurrence of repetitive re- ign't' on This method results in an increased
gap at the peak recovery vol tageh%t?gﬁi%%@ﬂ ng on a capacitive |l oad which
m ni m zes the ri sk of resjri keﬁmsngpﬂIﬂn(bﬁeﬂniilﬁs@cdﬁﬂ ofl afvalidgh zerd Wil Rbep thendom

opening with ol an t aneous, cont ac rt owill esult in
the contact $°pa (lﬁn‘ﬁ."Iatg egsuﬁggcfmm onCl?sf’Fng%f F‘f?coﬁﬁsve@gy i"ﬂ]i %@EH‘ BREEERS 5 hee
the current vqifemﬂf 03 gerfuntiywhile slosing atdi6S enillisecomis tatedwitl essulayanprestriky voltag& he

currents, Erp%g)astc’i] A Cu?ﬂ%ﬁaﬁci&%%§ﬁl§mﬁ}e¢?o %5 ﬁﬁﬁse&fﬂ%&e&bﬁmg zegoeint Zero

occur, beco
a closing window of -1 m:lhseoond to +1 millisecond on either side of nominal.

b) Closing near a voltage zero or at a voltage substantially less than

peak is important: (i) for capacitor loads to prevent large inrush currents that produce extra

- ourrent or voltage zeros; (ii) for inductive loads to prevent high energizing voltage surges; and
for resistive loads it is less important, but preventing high energizing voltage surges has always
been beneficial.

c) Closing near a voltage zero results in maximum asymmetry for
short circuit currents. This result is unavoidable if the preferred closing strategy is used, since
the presence of a short circuit is generally unknown before closing.

Alternate Strategy
Closing at or near a voltage peak cap sometimes be important to minimize
asymmeixical irush currents: (i) for inductive loads to prevent high inrush currents - this is
mainly an issue for shunt reactors; and (i) although closing near a voltage peak can also
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Therefore, attenpts at synchronizing are too difficult and the random
parting that occurs in present breakers is sufficient. The sﬁj[yﬁ#o?gfy for
synchronous operation enploying the point-on-wave control o?

i nvention fo¥demessiOn Closing Preferred Strategy a) C ospogmsaBen one
mllisecond of a voltage zero will keegysthe energization voltage surge
small. Cosing 0.35 mlliseconds early will result in a prestrike voltage
of 0.37 per unit, while closing at 1.65 mlliseconds late will result in a
prestrike- mmmm@@g@lrre@f aspmBgirspior shoni ¢irctitse thisobeineftilis ohly sivailgble iifntbe iallorpdteer ef or e
at 0.65 ml vol tage zero for a closing w ndow of. |

milli secondé t%@%%%g]%‘éq{acond on either side of nomnal. b) Cdosing near a
vol tage zero or at a vol t ageBeensended Closing Spesdss t han peak is inportant:
(i) for capacit e @S bosiRy ﬁ:\é&%cohﬁ{eﬁlﬁd !ierabbﬁf&n(ﬁHﬁt{nE'il{esvoH&@tat 15%5

gtﬂkl,;e extra
current or voltage zeros; ||) for inductive | oads t0 prevent
ener gi zi ng RGRag éﬂ&@hﬂégpp sggns, Mffssm?rﬁv%qmww P%reﬂte@gaplﬁiwﬁtam

but prevent dpad it 9 ReRRQleticddnd gt &1V tiloEHR riell @8Sze @ hNGY Ser s&RImibeRef | ci al .
c) Cosing near a Iaéggg%vﬂfro results in maxi num asymetry for short

circui-t curfeHES? tyatgdaolinge\ oi dabl e i f the preferred closing
strategy is used, since the prese_])_l_ggp___ga short circuit is generally

unknown before closing. Alterpate ate 0s at .aqr near. .a val tage
peak can sonetimes be i nudrt ant- ¥’ oﬁi%%ggzﬁ?y“fﬂb iy A QPG ¢ ent s
(1) for i ndspedditeecdchadsininompggvarite finglt derwor igShpatant: e(d)f for cagabitos léadls tomai nl y
an issue ffﬁ%@[’%ﬁﬁ a 0S ear t gge peak
can also S E%E’?‘ﬁﬁ%!’%)‘ﬂgf" N ?%b%d'ﬂ&’s% By e‘ﬁh"ﬁ%ﬁ Bf00/ 01082
14 m ni ni zerewwemagalswdwﬂ;r(y) fooindustiverioads fornipitize thetrisk of dopatitve re-ignitioon| y

avai | abl € Tl ol GhGRLdRmols 8P bl oSl SO, bt (AT o BRRLIUBIAGE i OST N
Speeds The m ni mum cl osi nq speed recommen sed on I ng
vol t age at Jﬁ}Péﬂaﬁ’P?tlééeas‘?nﬁbE%Gﬁﬂ%ﬁ“@ﬁ@@mﬂﬁaﬁmﬁﬁb&|ons to | ess than or

equal to 0.6 per unit whigyh r@gting SeroR &b&éhmm BRERH aOhinfhwuin BBf &1 PE
second at a 27 kilovolt, rated vol ; meters per second mnimum -

cl osi ng spe‘é‘&eléizefas‘%%ﬁ%nﬂ%%‘]“?e ﬁnéﬂﬁgﬂi?@?“t”aﬁémﬁzﬂﬁéﬁﬁ rEimymEgenihy bef ore
a current z@hobethde zéodts 2i7Mililikddbddk al 600RANAARB.33 milliseconds at 50 hertz. So the

maximum time to a current zero must be less than 2.77 milliseconds or a different current zero

'C

becomes critical. The contact parting time window on opening is smaller than on closing with a
range of from 1.5 milliseconds to 2.5 milliseconds recommended, for a -0.5 milliseconds to +0.5
milliseconds range from nominal. A minimum time to current zero of 1.5 milliseconds provides
a gap of 2.3 millimeters at 1.5 meters per second for a 27 kilovolt rated voltage; and 3.2
millimeters at 2.1 meters per second for 2 38 kilovolt rated voltage. This is enongh gap to
minimize the risk of repetitive re-ignitions. A maximum time to current zero of 2.5 milliseconds
provides a .27 millisecond cushion before the previous current zero in another phasé is reached.
(¢}  Opening in synchronism to a current zero in each phase is not
recommended. Simultaneous contact parts in all phases with synchronous contact ﬁart in only
one phase is preferred. For capacitor switching, simultancous contact parting yields a peak
recovery voltage of 2.5 per unit in a three-phase ungrounded system. The first pole clears with
the second and third poles about 90 electrical degrees later, or 4.1 milliseconds at 60 hertz, For
capacitor switching, non-simultaneous contact parting can yield a peak recovery voltage of 3.0
per unit in a three-phase ungrounded system. The first pole clears with the second and third
poles 180 electrical degrees or more later, or 8.3 milliseconds at 60 hertz. If each pole were
synchronized to a cuirent zero in ifs respective phase, then contact parts would be at zero, 2.77-
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speed to reach a mninmumgap at the current zero is irrportant' (i) for
capacitor loads to mMnimze the risk of restrikes by obtal gllfldbgugh gap
to withstand the voltage when the peak recovery voltage is re C (i)
for inducti WOPIFESd to minim ze the risk of repetitive rerP¢CTmeAHOSS that
can occur when contacts part near a curgent zero; and (iii) for resistive
|l oads it is |ess irrportant but a reasonably large gap at current zero is
al ways preferabl e. eni % before a current zero to reach a m ni num gap

at the cur}dmilise Ssé%dr S torfi.66 illispoondeewhiehis epeeh fonarodyes the deeedst Mt zer os

sets a maxidkilRge, The time between zeros is 2.77 mlliseconds at 60
hertz and 3. 33 mlllseconds at 50 hertz. So the maximumtime to a current

zero must be less than 2@7 ndqrshaiegiispipemsnts, cach Rbess has some Asyramey, dhe
becones crifihe dbtweehh@me@nieast is Rdf inhiftGm! ¢rrr@s:w PEGYERE Oﬂih%fofbg att&np‘iﬂTBtI | er

t han on cl osi with a, range of _fro l.i seconds to m | |iseconds
r ecommended EROYs opgpation,ca §q e B‘?ﬂﬁ’stgnﬂn&"gr%rgim ultanqops coptee vad Wfﬂéﬂ‘b@t PPom

nom nal . A Mﬁﬂcmmbﬂm%afmcﬁﬂﬁendﬁrf&mﬂtchéﬁtsm | i seconds provi des a gap
of 2.3 millineters at lmi,) cgereﬁﬁgond.fore@?eﬂ Ki tovolt rgdal

voltage; and 3.2 nillim¥ers 5 &LTp e PE"E %3 eﬂ‘l‘ﬁ ovol t

rat ed vol t agpen gaplor eapacitorsswitolging ay the peak recoveny voltage it hiator2103kct®s‘ per epa@il] withy e
re-ignition | e ovi des
20, 97 115 iR SN o OF 13 BuBHEES Y « 3R wthcorr R38R 210 S O

phase i s reaghsger £edpd,CuEnd myniinnm Dpendsier goniof 3l millimelgyr stantted golags of ﬁ’ach

phase is noggudigconmended. Sinultaneous contact parts in all phases with
synchronous contact part in only one phase is preferred. For capacitor

swi tchi ng, simultaned@ge &b iiugeates Saer effepioolyiheoprips ait rpsperiee tor e Eipveempagdit age of

2.5 per uni $ibilleath $H359SdiRBARBIA SALIRMEBANH 1Sy RSN pokiten b Eyele, nﬁis%cc%&ﬁr s-with
the second and third pol es about 90Q el ectrical degrees Iater

m | 1 second2caige gaingle pqiuator 7@s comumenly erapleyed i implemept the, isin_fey mhﬁ%e&r‘s

contact parfditgnsave dbhtedl: Roddeads he HEvRIny i Biel @RerModBled14 F@His #¥tntiod N @
t hr ee- phase u}gl%rounlged sgstem he first. pole, Iear W th_ t e second and

third pol e¥2Hgs syehronons oening af the respegtive phasgs, | qguizol, fhat M WIZEY 45 at
60 hertz. Iﬁcmmhhm)hﬁlumamﬁmeﬁrom zed to a current zeroinits

STEET (RILE 20) 2 Juraroan il Bobil' Gepfreil of i umund] s 5Ralud
m | | i secondshowandFiguws4 gpplied. 166 simigle| maie benigks fhrevkiheds sssmbly8gTieangdniaduce t he
three per upid.p gf o‘i‘ﬁ:@s";ﬁ%ﬁﬁ&ﬁ%}&ﬁ’ﬂsﬁowﬂ 9)8114: cfill to%ﬁ%ﬁas& boGhl i shGHd B A%Eéc:at&fwh

phase has some asynmmetr etween currént zeros 1S uni form or

easi | y pr edb#senstaie brepkes Ff@fl\*.lﬁsé‘f apd faept isolater mosylatiZrasriverided e p@bphﬁqe can do
more harm t han good. W&&@%&H&dmgh@% ﬂﬂﬁa&s% bR aﬁkﬂ

synchroni zation is thereforé recommended for fault currents Tg%ze
.

r ecomendedFadibErakergradle dt cpmeaendigy tofhs %@WP%PIE’FPS%I@E]E’&@ is Somiected thro

a first vacuum isolator module 12 to a first bus bar phase 98 or through a second vacuum isolator
module 12 connected through the first vacuum isolator module 12 fo a corresponding phase of a
second bus bar assembly 100, which can alternatively be employed to energize the load in the
event of a problem experienced with the first bus bar assembly 98; through the appropriate
interconnection of the moveable contacts in the fixst and second vacuum isolator modules 12.
The interconnection between vacuum isolator modules 12 is made through a second connector
62 shown in Figme 4, that is coupled to the same stationary contact 52 that the first bus bar
assembly is connected to through connector 54.

Thus, this invention provides enhanced maintenance capabilities with the ability
of replacing individual modules within a switchgear housing with a minimum of service outage

time, while enabling a reduction in the size of the overall equipment through the judicious use of
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open gap or capacitor switching at the peak recovery voltage is 1. 5 to 2.0
neters per second, with a mninmmopening gap of 15 mlli "?W 0

rated voltage of 27 kilovolts; and 2.1 to 2.5 neters per co d2 tha
m ni mum operWRGVYaH of 21 nillineters, at a rated vol t agePOT/IEB8/H01%t | ovol t s.
Figure 6a illustrates the effect of theggprior art response to a trip
command in which each phase is disconnected sinultaneously at a different
point in the cycle. This occurred. because a single actuator was comonly
enpl oyed t oSYlifpinstatian and evqltagen isplgiona frpmplowet Joltagh portigns 9f - thin Spiapading
control | er &ﬁﬁtﬂﬁr&m@‘ﬁ‘h@ﬂ@d it vd dbkabindriBnsfof 8d BSRReSHh p %Id%ésﬂéonw' S

invention ¢ bI e.as kbﬁlonous ggenl ng. of the respective phases,
ck

th
aiwn rgfpbex Vi BRod &rack 15qoFq fopcables andl cga be solied 05t all ehs n

i ndi vi dual tontro
Figure 6b. He@tivabeobiectidnk Usibd Rt 88 switBedaDshdltags dREIBOIRN Br s itdhfon] MYENt i on

as previous| shown .in lied to | e mai us. bar
t hr ee- phase“%%%gec%lp@m@g Oﬂpﬁ ﬁﬁd}ﬂﬁgg © achalgy ‘F Ui“gfr‘?ﬁ”gptf"r ‘(’/"g'ﬁ't‘ihﬁ) epker on| y
shown conneobéude {bamirtbe pheage jsolzboomgiulé 12, sdﬁ]ld)p:iodldbe uﬁiﬁfuar Qpabiite thr chdbllhg

separate br er vacuum i l.es .12 row ded for
each phase. E@ pr@?%ﬁsﬁnyg}%%tgésqoﬁﬁen%ua%%@%% Hrﬁgffg?m%?f‘& f&‘ﬁ"‘é‘ rnate
arrangenment in whi chWhiaghcific @etiodimentpofithesntAtiondaverbeanisdbeign il inenll

i ndi vi dual : f

i sol at or mﬂﬂ%ﬁ%@ﬁ o) Bitpd 800 1 e AR A g B0 BTN L uum
i sol at or éOLin%@Yﬁa@ﬂ@uhEhhﬂﬂhgwetaﬁéeaﬁMtof thadwc,lmures oicad:rdmgipruuul e 12

to a corres PSS, ggqn

alternatively be gﬁplo egQ%gﬁgﬁé?ﬁ@%%t?ﬁ%:?&$§ hexxéegﬁﬁmgkga problem
experlencedﬂWWQ?fqﬂﬂgmﬁvﬂ@%1%%@¢5@W”§%@@#ﬁﬁyh9@&wEmmﬁhéﬁwmhémh%w@mbﬂlate

i nt er connecgqupmlesf thbBsE noveabl e contacts in the first and second vacuum

i sol ator nodules 12. The interconnection between vacuum i sol at or nodul es
12 is made through a second connector 62 shown in Figure 4, that is
coupled to the sanme stationary contact 52 that the first bus bar assenbly
is connected to through connector 54. Thus, this invention provides
enhanced nmai nt enance capabilities with the ability of replacing individual
nodul es within a switchgear housing with a mnimum of service outage tineg,
while enabling a reduction in the size of the overall equipnent through the
j udi ci ous use of SUBSTI TUTE SHEET (RULE 26) 2 July 2004 WD 01/50561
PCT/1BOO' 01982 -16 solid insulation and voltage isolation from | ower

vol tage portions of the surrounding environment. The tried and tested
conbi nati ons of solid epoxy resin plugs into nolded silicon to EPDM rubber
sockets have a good track record for cables and can be applied to seal all
of the electrical connections noted for the swi tchgear package descri bed
above for this invention. The wunique conbination of the in-line magnetic
actuator and vacuuminterrupter within the breaker
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nodul e 14 and the vacuumisol ator nodule 12, will provide a unique
capability for enabling point-on-wave switching that has | (}nﬂ‘?)pm an
unobt ai nabl e, practical objective of the industry. Wile speciiic

enbodi nent s VWP 01388611 nventi on have been descri bed in detai PCT/iR008i%81 be
appreciated by those skilled in the artythat various nodifications and
alternatives to those details could be developed in |light of the overall
teachi ngs of the disclosure. Accordingly, the particular enbodinents

di scl osed are nmeant to be illustrative only and not limting as to the
scope of invention which | drerbRcEiCtERAREH Uil breadth of the appended
clains and any and all  _equivalents thereof. SUBSTI TUTE SHEET ( RULE 26) 2

July 2004 R 01/ 505%1iobEEAFHFD/ 01982 - 17 REFERENCE CHARACTER LIS 10.

Swi tchi ng deyi ce 12. viaGMudlates oh@dhQhode t ch nodul e 14. Vacuum
i nterrupt eriljsn-l i neiect uator nodul e 16. Load connector with integral
fo

current tra r mer sV SMEPNPETRIPIRE In-Ing actygipiagiales r ansf or mers nodul e 20. Bus
connector 2f. |nsul ated celweabrvitahtegataeet einsiimigs 2 viEgexy housing for
vacuuminte 8rupt erlig-{i %g act uat ordrmdul e 26. Vacuuminterrupter 28. VI
stationary tontact SOCERFIRRNAERPEMont act 32. Moveabl e contact drive
armature 320. VI vesBwlcofigctoMoveabl e contact external electrical connector
38. Statio y conta, | Jfle tri,cal connector 39. In-line actuator
first coil n%% I n-1 i%gemgéé‘%eﬁéé) ora“% tector -IW ne actuator second coil 42.
In-1ine actfat or ar nEpouy bousBg fdrrvaduimentercipieaiinlinerasingosardule magnet  44.
In-1ine actygator el egidil Gl Eﬁ@&pector 46. Electrical connector on vacuum
i sol at or congnect ed to noveab contact for connection to the breaker

nmodul e V1 stationary contact
30. VI moveable contact
32. Moveable contact drive armature
34. VI vessel
36. Moveable contact external ¢lectrical connector
38. Stationary contact external elecirical commecior
39. In-line actuator first coil
40, In-line actuator
4]. In-tne actuator second coil
42, In-line actuator armature
43, In-line actuator rare earth magnet
44, In-line actuator elecirical connector
46, Electrical connector on vacuum isolator connected to moveable contact for

connection 1o the breaker module

48, Vacuum isolator first moveable contact

49, Vacuum isolator second moveable contact

50. Vacuum vessel of isolator module

52. First stationary contact in vacuumn isolator

54. Connector for connection fo a bus bar

56. Second stationary contact in vacuum isolator

58, Connector for ground

60. Connector cap

62. Connector to cascade to a second vacuum isolator
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48. Vacuum i sol ator first noveable contact 49, Vacuum i sol ator second
noveabl e contact so. Vacuum vessel of isolator nodul e 52. E:T{B;[ tationary
contact in vacuumisolator 54. Connector for connection to<ad" u% ar 56.
Second st at iVYA&¥$PSddont act in vacuumisol ator 58. Connect 8ETARMOPBDUND 60.
Connector cap 62. Connector to cascadejgo a second vacuum i sol at or

SUBSTI TUTE SHEET (RULE 26) 2 July 2004 WO 01/50561 PCT/1B00/ 01982 64.

G ound connegction 66, Vacuum i.sol ator noveabl e contact drive stem 67,
Vacuum i sol g%or seco SPERESPRE cont act drive stem 68. Vacuum i sol at or

t oggl e nmechedi sm 70. Viatundsolaas togtabRirokiadd SHivgitdhOr vacuum i sol ator  72.

Mul ti -phase#goad Ci rguit 74, Load connecgtors 76, Vacuum interrupter

connect or . Volta %CUPJF’éSI‘?LBfO(SF??B?&B% CERct e SRy r ent transfornmer 92.
Solid insul 68ion houYacagm idkior ipplehakhapismct roni cs 86, Power conditioni ng

el ectronics., 88. P ntrol.ler 90..Minual .ipputs 92, Voltage, current and
terrperature7{|)'nputs%‘ﬁ@%&%ﬁ%{&wﬁ%%wa@u%ﬁg%{%g 96, In-line actuator drive
98. First bk bar thMeki-phhsdendaswdnbly 100. Second bus bar three-phase

assenbly. 4p2. 104.; 106 ..hQ8.

76. Vacunm interrupter connector

78. Voltage transformer connector

30. Current transformer

82. Solid insulation housing

84. Control electronics

86. Power conditioning electronics
88. POW controlier

90. Manual inputs

92. Voltage, current and temperature inputs
94, Contact closure sensors

96, In-line actuator drive

98. First bus bar three-pbase assembly
100. Second bus bar three-phase assembly.
102,

104.

106.

108.

110.

112,

114.

116.

118.
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110. 112. 114. 116. 118. SUBSTI TUTE SHEET (RULE 26) ? 2 July 2004 WO
01/50561 PCT/1B00/01982 -19 Wat is Clained is: 1. A ci rcui2t ul?}y\i Oﬁhi ng
device (10) conprising: a seal ed container (34) housing a madJ| mhavi ng a
| ower el ect waad/s0561onductivity than air, wherein the contacnedofidd) is

i nperneable to the medium a first statjonary contact (28) sealed within
the container (34); a first electrical Conductor connected to the first
stationary contact (28) at one end, seal ably penetrating the container
(34) and termnating at the other end in.a first electrically insulated

el ectrical NeELQq6:38); a noveabl e contact neans (30) sealed within the
(gzﬂf) ?h% i D

cont ai ner veabl e between a first position, out of electrical
conmuni cation with the fi4dtcuiésdichibndavipe (8bmmmdsing 28), and a second
position, in electrical GORMENIGR: 693349"140&33‘@Q?neﬁih%tﬁa%grfylo@@pgl%tiwf 28); a
second el ectrical conductor connected fo the noveabl e contact neans (30)
at one end, cudystisty thansisnwhersin theepniaiper (30 At ipperaeablafelthe medimat i ng at the ot her

end in a second el ectri Gardt¥atidasybekRA2SsfddWibAlmLoRReG RH, (36); solid
i nsul ation nmeans (24) for electrically insulati n% t he container (&34 and
8 ¥

the el ectrical conduct or & s gleettsihemiisios cqnaepted deythe fsst datioparneiagi(28)
cont ai ner ( out)endNétalaliiyl pedetitinkahd Yonta5} BY) BG hEnEaE LA hef 3 in £RFUCt Or' S

it chi ng. BRTEET THRRGREH B RRBEREG A t i n a system the. sl tching devi e
(14) is designed to interarmptesblanchi4te mass (30)sedlar withiv itheg cdntitnePApakd e
Contact_ ool a0kl bG8 PP SFRAGRSBL M TR A AR 1
swi t chi ng dennlacte28).10Y 2 excord reitiond iniclretirica congmmicstgmsigih teStjiordayreopacd@8yi ng an
output vhen e oveable a0l ckAER LRl by eyl LBBLL A, (11
sensor (94) Gt ongerdydealply pepatrabing Pacontaver et terminaife atithe ofipeend inf seronkrent  of
the noveabl geuQafiARinARIRSricd Hdhecthr (35RE SW tching device (10) of Caiml
i ncluding a sensor (94) for_ .
solid insulation means (24) for electrically insulating the container (34)
and the electrical conductors and connectors (36 and 38) external of the container (34) and
substantially isolating the container (34), conductors and connectors (36 and 38) from contact
with lower voltage portions of the switching device (14} when connected within a system the
switching device (14) is designed to interrupt; and
means (40) for moving the moveable contact means (30) between the first
and second positions in response to an actuation command indicative of a given circuit condition.

2. The switching device (10) of Claim 1 including a sensor (94) for
providing an output when the moveable contact means (30) is in one of either the first or second
positions, _

3. The switching device (10) of Claim 1 including a sensor (94) for
providing an output indicative of the speed of movement of the moveable contact means. (30)

4, The switching device (10) of Claim 1 including a sengor (94) for
providing an electrical output indicative of the length or time of travel of the moveable contact
means (30).

5. The switching device (10} of Claim 1 wherein the terminations of the
electrical connectors (36 and 38) are designed to mate respectively with complementary

connectors in a manner that subsiantially isolates the conductors and electrically conducting
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providing an el ectrical output indicative of the length or time of travel
of the noveable contact neans (30). 5. The sw tching devi cg@ﬁ? gf Caim
| wherein the terminations of the electrical connectors (3 019 ) are
desi gned t o wmtwsose@spectively with conpl enentary connect pCBIHOGOR@SITANNES
that substantially isolates the conduchgrs and el ectrically conducting
SUBSTI TUTE SHEET (RULE 26) 2 July 2004 WO 01150561 PCT/1B00/ 01982 -20
portions of the connectors (36 and 38) fromcontact with | ower voltage
portions ofpatnas of direr epanesiony £6 &d 3Ehdroswicenttsi Mmegh dewdr ceoliggeportivhs ©f dliem 5
including: q.seqopd stationary contact (56) sealed within the container
(50) and connected to ground; a third electrical conductor connected to the
second stationary cdht actlhegwishingdevispdOpef@laing sinchling: penetrating the

contai ner (50) and term pabiAg sationkd)CooRthl¥56)%Rled Rithin il Ecfliain® ©0) Ldacal | y

I nsul ated el ectrical connector (54); and whéerein the noveabl e contact neans
(30, 66) i sCoRBFERIIEBSt ween the first and second stationary contacts

(52, Zgl and 5t6)-t7- The sw}%&&%&g&ﬂg&%ﬁxﬁmf E6bnedtdd tg:tﬁé f)&&d%@b:ﬁ%nc@ﬁat
noveabl e copntac an : n i s nmoveabl e between the first,
second and Q%P@&g‘g S?fapﬁ'@ﬁ“e‘r"@”@%@é‘?’?@%% I(SSO) iR g A &‘ﬁ °§Wrteﬁd PRdhidecond
stationary desicaptindgfat) cladttcabaneion(st)iendsecond position is out of

el ectrical conmunication \ﬁn th t%he first and secgﬂs\ﬁit at i or\ﬁrg contacts (52
and 56). 8. The switchi ng d&W" e ERy° 874 B PRSP he SRS Ct or s
(46 and 54) firsianéscbaw sedontayeontamnsd 5228 sidtsSher of a plug or socket and the
conpl enmentary connecfor kg f L0 t her of .ei.t her e or
socket 9. The sw tcﬁ%’ng 3@%?‘%@“@?6’)"5‘8‘?@8}%% %h‘gg%ﬁmﬁﬂ]teh%wg%b%n‘éogl (Lc;tg

t er m nat i onweang @8, 4onahd 54) is apovedbls betviser the ficst, séconhendf4 thisd pesitign irhélecttical
conductors are . | { L ) ' ; Caimé6
wherein the seg%ﬁﬁgg?]ttﬁ%éﬁgygg ég%&nﬁ&n@?@?%é%d?mo t%%%ﬂgﬁgséﬁngl%g%o#géfrtnents
(50 and 50' glectiselivompipientioniitt the Suhand saendlgtionse comtactdpandfSPk st and second
stationary contacts £52 %stﬁ@ﬁh@&evﬁ@%ﬁ?ﬁﬂglaiﬁ%%e&h&é&nﬂ&ﬁﬁ%&édﬁ&@&ﬁ and

wherein the ngveabl e contact neans (4 conprises a first nmpveable
 contact (48 Fgedsliipn pre of efther ot 2 plpg pryeckelpnd o grmplemenity couegtonip formsdhe fir st
stationary g&nthastherlcbdihetndplag &e6ckRd noveabl e contact (49) housed in a

(56, wherein the et JHUBEDRLEbORkH CABG PR e
connect ed t @6 tkis43e derther el 6fthe fistald thivd candéctirs 4ré)theasade ddgighoved by t he
moving means (68). 1, qpe switching device (10) of Claim 6 wherein the sealed container (50) is
divided into two tandem compartments (50 and 50°) each compartinent (50) housing one of said
first and second stationary confacts (52 and 56) at adjacent ends of the compartments and

=

whetein the moveable contact means (48, 49) comprises a first moveable contact (48) housed in
a first of the two compartments (50) with the first stationary contact (52) and a second moveable
contact (49) housed in a second of the two compartments (50°) with. the second stationary contact
(56), wherein the first and second moveable contacts (48 and 49) are connected to the second
electrical conductor (46} and are moved by the moving means (68).

11.  The switching device (10) of Claim 10 wherein the first and second
moveable contacts (48 and 49) are interlocked so they cannot be respectively connected to their
corresponding first and second stationary contacts (52 and 56) at the same time.

12.  The switching device (12) of Claim 6 wherein the first and second
stationary contacts (52 and 56) are electrically insulated from each other.

13.  The switching device (10) of Claim 12 wherein the compartments (50 and
50") are formed from two back-to-back vacuum interrupters (26).
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11. The switching device (10) of Caim10 wherein the first and second
noveabl e contacts (48 and 49) are interlocked so they cannotzj?@z 04
respectively connected to their corresponding first and secon sq ationary
contacts (5WNG0SE) at the same tinme. 12. The swi tchi ng pewmiBo®dd?) of
Caim6 wherein the first and second _gtationary contacts (52 and 56) are
electrically insulated fromeach other. 13. The switching device (10) of
Claim 12 wherein the conpartnments (50 and 50') are forned fromtwo
back-t o- back vacuum li4nt edhepwitshing dovey of CepeirvirepEheEETigriunEBaiey (8 July

2004 WO 0%@@?@%&’8@&'&9@%&%&%00&% &ﬁg%‘é&%ﬁ%%@&n@%@? of daiml

wherein the corinector termnations ( at the other end of the

first and second conduct dheswiiching dryics gifkofddaimdivhered: therolid ingpletioni(fR) isdevi ce
(10) of O & iPuding¥haicRiapsulaRS 13 brifinde RRULREPBribrDE tleSond@cthQU Qfind-RAL
encapsul ates the contalner and exterior portions of the conductors and
connectors (4fﬂ3615§)nd 54). 16. The switching device (10) of Claim 15 wherein
the housing (70) is 16cONFh¢ Wwhkdhthg AeviePOXY of Ehim THew Wt ali RGisleys e (10) of
Claim 1. wherein t nmediumis a vacuum 18. The sw tching device (10) of
daim1l whePBIHEHE HBEns (68) for noving the noveabl e contact (48, 49) is
an in-line |inear actiuat @he{whing deRice iDL Wirh ¢ Rhergin @R vicdRm(sldyachim. Cl ai m 18
wherein the in-line gctuator .(40). coO i Ses first. and second |
el ect ronmagnetic Coi Iﬁ(39 %ﬁ“&%%dﬁvﬁgffﬂf@a%ﬁévﬁ?g‘ﬁ@dﬂe@ﬁ @g)ctg’i’Pov%) f or
novi ng t he thonveaiiiecooaot(4f; #9)(k8, in-U)lingan aguatar (49). di recti on and the second
el ectromagnetic coily;g (4 [ 4 TDYI ve contact (4 4 in a
second direction. 201.9' Théﬁh%%ﬁ]tcglﬁg%v{bggdﬂgga%@b%ﬁa %F%%a\%ﬁ%t?re@%? t he
first and swopmygs gbistand s¢agl elenttomdgnetirceil (30 audt 4bntedolingt elsrteangpezetid cait (3%he sane
time to ea ; | Last the
Sor ﬁl&&’g'tﬂi’é( BRI go%f:vﬁ?ﬁ 4%)4@&1 m%@&]:ecaz@ﬁ ar%qtﬁ@sfc&on%i @ﬁg&r?gﬂﬁ%@e g@&{ﬁ

stationary contact (52, 51 | oSI ng. _The switc Ice (10) of
O ai m 18 wHADdprioqving theapoypsblaromiact (A8) 49)ige secapdlitertiont o a drive coil (39) of

the in-line actuatoryf 40)rhé SwitcRMEISRE (T0YSLCIBRI 19FwhbQinGR HirftGhd SbRAEh® (48,
49) to ease_the | anding. 22 The sw tching device (10) of Caim 18

i ncl udi ng d3hagrih} e progrempably pgraized af thessamg time foeasethe mevgabigionieptd?S. fug i nt o
conpl enent ?gﬁ)smaﬁj@fagﬁﬁﬁwthaﬁﬁ&bh@ymfac{c(sz,(si)gwﬁ%;ﬂo?i&@ andf_ 18) wherei nI t he
cont ai ner and ip-1li i.near act or, {4 rm irst integra
circuit breaker nodule ?ﬁ%?mpc%g dﬁ"?ﬁ?%%/iotfgﬁﬁ“ﬂds e ?11‘63“%?{]'@?'35% 22
wher ei n t heapplied$d a drivt egl @) of the ddive activte @02 Is reverded jest priot jo @nidctalosdre@st one
ot her mdu'@){o]eg'geth]e(?an%g.w) that it interfaces with include an

22.  The switching device (10} of Claim 18 including a plurality of modular
units (12, 14, 16 and 18) that plug into complementary ones of the modular vnits (12, 14, 16 and
18) wherein the container (34) and in-line linear actuator (40) form a first integral circuit breaker
module (14).

23.  The switching device (10) of Claim 22 wherein the first integral circuit
breaker module (14) and at least one other module (14, 16 or 18) that it interfaces with include an
electrically conductive outer coating, ) .

24.  The switching device (10) of Claim 22 wherein the solid insulation means
(24) forms an electrically insulating barrier substantially around the first circuit breaker module
(14) except for the comnector (36 and 38) electrically bonducﬁng interfaces with the
complementary connectors effectively isolating electrically conductive portions of the switching
device (14) from electrical communication with lower voltage portions of the swroundings.
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electrically conductive outer coating. 24. The sw tching device (10) of
Claim 22 wherein the solid insulation neans (24) forms an Zejlﬁfédd cally
insulating barrier substantially around the first circuit breake rfrtodul e
(14) except WOPYHBRE connector (36 and 38) electrically coRdnRmmaLys2
interfaces with the conplenentary conmgctors effectively isolating
electrically conductive portions of the switching device (14) from

el ectrical communication with | ower val tggye portions of the surroundings.
SUBSTI TUTE SHEET (RUFE 28}e switrhing dowing{10) rePCTPIBOBDeding - 22 25,

The switchi agt gedils a4f Hpetden 8bofold IndVAREIRA totheSRr Ak S0k LESBARAI NY
first nodul e 814 | ndggend%_ controls the physical connection or
separation % F35 e EPhasFPelt @28 h phase of a multi phase
circuit. (72) 26. Thgs swWiThe bwitfingasviceel o) 3001aiaf 25GhMdiRgABedoRE inteialre@t S€CONd
I ntegral ci rcuiéo c&mﬁg& tor nmpdule (16) conprising: a plurality of that

el ectri cal | SPPSRORMEPUHIRIBEPHYIEE| out put connectors (74) at | east
correspondi ng to the nunhagturdiy qifissdsticallyeindulared epaticat utfi® Sohndedrsgd)ah t he

S0 S8 e s i
utilizati on(1d)is tobeeprdied mith eoh izt twph eoint¢owr (Hpdsignedes man dith g cpleapadind a

| oad ci rcui ' . L hat ' A I | rically
conducti ng &og%ze%%%%ﬁg%ctﬁﬁﬂeﬂ%gx [ 23@# %%L%%Or?%alc edégﬁllr%ec %ﬁo nalﬁg%%aﬁeeo out put
connect or (Bﬂ@ cifepip (A2 irea mgnned thatiélerdricaliyinpudatevestectricaliptvohducimz poitidhngf the

el ectrical g@pRGELLQR &ﬁﬁ&@@ﬁﬁ\gﬁe@%‘%un iédrtlﬁ??’?tﬁ'ﬁo'inaﬁxé X@&ﬂgﬁtﬁiﬁiﬁgﬁg@s of

portions fromcontact with t g envi ronnent; p

current senYdlesprovidive pladticat ponpestion dhershetwesnd andosuhgiantipliyr iselpjes thesgrmoations f | owi ng

t hr ough cor f&s B vath the sufbur@inh BiirodRect ors (74) and provi de an out put
I ndi cative thereof; a pl urgllﬁily of out put conductors respectively connected

at one end to the corredFUrUibhef Gmet seppors (O) resnestvely sopgticb g imraiterghs (74)

and at the @imdsrflevigh theougld bR Pty st ufEO Bshnelkrd (14) GRNPRFAIOS duff) Whi ch
respectivel*i.h%ve a %orrpl enmentary end termnation designed to mate with
ei ther the v 'tl}Fe econd insul ated connector (3 8 or 36) on the first
modul e (14) in a manner atphedlityedfeatpm maddctprsi raspedtiadi e sonhdveedet @etend @ahd v

conductin ' i n romexternal current flow
whi | e nai %t%ﬁ%\#ﬁ%ﬁ%&%&s EG’:'lhtg‘(?':gr%lE 8‘%?”0%%3?10‘%}(%2%5% tv\t/g%eﬁ%ern%'? ?%ﬁoni@@?’i’ﬁ ors and
subst ant i al fegond swirat cergedtire £E) curdussieriyslyolave eneniplepenteryndnd ctormitatibn | ower
vol tage por idsghd ohab i, itk 8 ognww{eegg@%ﬁt@g# 363 Al glgatpﬁt ed

housi ng (82) substant enclosing a k Yy i'ns e first
and second @t iBwnEBebtdsckicglly insyiaips 71m) electrisallyoteningtivgcraniiine phHths mating]

current connectors from external current flow while maintaining good elecirical conduction between

mating connectors and substantially isolating those conducting portions from contact with lower
voltage portions of the surrounding envitonment; and

a second insulated housing (82) substantially enclosing and respectively
insulating the first and second output connectors (74 and 76), the output conductors, and current
transformers (80) in a2 manner that insulates each phase from each other, substantially isolates all
the current carrying portions thereof from contact with lower voltage portions of the surrounding
environment, and ties the first and second ontput connectors (74 and 76), output conductors and
current fransformers (80) together as an integral unit (16).

27.  The switching device (10) of Claim 26 including a plurality of insulated
voltage conductors (74) respectively conmected between different phases of the output
conductors (74) or between a selected phase of the oufput conductors (74) and a neutral
conductor, within the second insulated housing (82) of the second module (16), at one end, and
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transforners (80) in a manner that insulates each phase from each ot her,
substantially isolates all the current carrying portions t@e\%ﬁ’ﬁ%qé rom
contact with |ower voltage portions of the surrounding enviT , and
ties the fi ™M@ 0EW¥861second out put connectors (74 and 76), @armmw/owéhductors
and current transformers (80) togethemsas an integral unit (16). 27. The
switching device (10) of Cdaim26 including a plurality of insulated
vol t age conductars (74) resgo)ectively connect ed between di fferent phases of

the out put chieiaey erugcdor {qt eeethis spd af te|vekase sonsheigie vdpreinybe goltaget

conduct or s §ohfdeton(vd) 8 dARMEd 18 mateCRINA LaTyRFible Winhdbtd of Heo1ERAANL: &neﬁfzzé)a.ted
housi ng (82) of tg)sec%ﬁgg m)_duele glﬁ)ﬁi a? one egd an S_UBOSTI E SHEET

d
(RULE 26) 2 July 200% YEHEE feveeT O 08 Gim 26 dstuding 4 thirs igfegral spitgfe
connect or (#ASduiali2)tcbap@idger end of the vol tage conductor, wherein the
vol tage connector (78) is desi d taq e Wth a conpati bl e connector on
a vol tage transforner (1@)3.653‘%"%%@0@%“?2#& ﬁ@%]‘%‘%ﬂ“&él ‘gg‘@jmg?“@ %1{9D6
i ncl udi ng aelédnicaldcondiicthgtyathansal, twbireinrixdsitieh cdidgineg Q3P 60°F isNiGipermesatoate SW t ch
cont ai ner (I%Q. 50') housing a nedium having a | ower electrical
conductivity ?ﬁ%’n air, wherein the switch container (50, 50") is
i nperneabl e to the ned afitstataipragt svdttlatontoiaisg) swed ehhia diet sudith ¢Rjneseal ed
wi thin the w’.tch container a first electrical switch conductor (52)
connected to The first stationary switch contact at one end, seal ably
penetrating the switch carfireti lreiricq 59jtchagatiductor (42h atrineniedaip thehrst stlomary end i n
a first el eglitol i C B4y, & i
ont act (56 eher st thet RRRAY bRk b RSB shE RARKERRLES | .
swi t ch cond?fberend igafippbeleciral yitehoneceiond®): st at i onary switch contact (56) at

one end and seal ably pengt sRbdd" Srafiddfry Sifck NeoR@B B6)18La1daO ithin 8 switch
termnating at,the other end in a 'second electrical swtch connector (58);

noveabl e swiPE tact means (48, 49) sealed within the switch container
(50') and noveabl e bet wearednd keksticap Hfiich ictiuctor cotleted o B8 kecENFRAGALAL | ON

with the first. statigpary swtch contact (52), and a second position, in
el ectrical TBHMFATE%S @na%fntehentdh@ld d:ergepg%qgo & Syyiteh, Corigineg g iaé{‘ (56) ;
and a thir dtemhisatihg stdieel ottenerildda ound bletiieal wdwinemhethr {58);t he noveabl e cont act
(48, 49) at one end, se trating th iLch.contai ner (50, 50')
and termnating at the ot Oggalb}ée%ﬁ%ﬁnma th’ig?aas gf'%\é\ﬂtgﬁisgaé?dogﬂﬁcﬁe csg‘?fﬁ ct or

(46); and neeatamer @@} afdonoveable ietyvebhefintpreitidd, @ dasiricd homomiictivn. wittaths filset ween
t he stationary switch contact (52), and a second position, in electrical communication with the

-second stationary switch contact (56); and

a third electrical switch conductor connected to the moveable contact (48,
49) at one end, sealably penetrating the switch container (50, 50°) and terminating at the other
end in a third electrical switch connector (46); and

means {68) for moving the moveable switch contact means between the
first and second positions in response fo a given operator action.

29.  The switching device (10) of Claim 28 wherein the second switch
comnector (58) is connected to ground.

30.  The switching device (10) of Claim 28 wherein the means (68) for
moving the moveable switch contact means (48, 49) moves the moveable switch contact means
(48, 49) into electrical engagement with either the first stationary switch contact (52), the second
stationaty switch contact (56), or a third position out of electrical engagement with either the first

(52) or second (56) stationary switch contact, upon a given operator command.
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first and second positions in response to a given operator action. 29. The
sw tching device (10) of Caim28 wherein the second switch, tor (58)
is connected to ground. 30. The switching device (10) of Claim wherein
the means (0%90¥¥E6 novi ng the noveabl e switch contact neBEFIKMBI8AU9) noves
t he noveabl e swtch contact nmeans (482449) into electrical engagenent wth
either the first stationary switch contact (52), the second stationary
switch contact (56), or a third position out of electrical engagenent with
either the first (5% orlheswishing deioe () gt Claimtd whsyin be fsbsleckios swilgon a

gi ven oper atéxfucts Wiietes SURSothel \HiFin St of doleledt séfidh nsbeloy (54PRM o MR 1/ 50561
PCT/ 1 BOO/ 01982 24 31. The, sw tching device (10) of O aim28 V\/nerel n the
first el ect PPEiRl sitph copmecton(Ga: ctor termnates at the other end in the first
el ectrical switch cosmectTae stiichingadedice 710 WFrctliim Bl @kitling al m&adk () HONNect or
(62). 32. The,sw Lchi deyi c 10) of .Claim31l in udln a nmeans (60) for
i nsul ating {nﬁ g#ﬁ&%&@%??ﬁ*&%’%@%@%ﬁﬁww th connect ed to the
circuit. 33. The swi3xhi rije cdeitthing delidy (0 oflChim B2whvdret elicnmedae (fBawms (60)
for insula t ch,connect or ~when .not
connect ed t%ﬂhp%gégﬁr%tﬁ{ ﬁt“) Q’?@ﬂh {Q%)s&“%cg skl egt%em%'en gt GS?Fr‘?thic{g § the rgguit

subst anti al ttynpclsmsmmnimtafyrcomﬁetbdéﬁ)tsuhmmaﬂmmmmﬁomaléqmmmmmch| ng

devi 10) .of d 8 Wit f
ele\eliz'eri f:al I) \ OI nsu?:alt |42n I-[Eglssvm t dé‘%ergfbg|°Péwg%&%§ﬁgg&dé&g‘%am sidans
corr espondi ¥7§) oy frl@tl‘m@!?@whmg the $yjitcl cquipgier (0.58D pdthe Gmmmgcﬁrﬁt (S end

connect or s ik @4eh @lectiifal béiRuciop sﬁmo&&%gle%ﬁm(é%e guer gébb % g&d al I'y
i solating the switch container_ (50, ,._correspon and
third (46) St eleing fbe %Whéeqt@m% ($ éﬂocv@ﬁssaem ﬁrﬁ EHvaad thies)

portions of cdnbi@topd M%ﬁne%ﬁ@oﬁaf‘&mta&ﬁ’%ﬂpi&w&gv&tﬁg@ Foftion$ of B NBGKISFheMdi N a
systemit is 9§‘B§)§‘?ﬂd to |nterru The sw t chi ng device (10) of Claim

25 wherein TH R camated ?ggyﬂﬁ?“isﬁﬁs‘% PARETPE phases of the circuit
(72), physically act3mt edhbymtchagaaﬁdeqap@ﬂdlamngfwnesém&ieropébmg andElGsdee
ndependent o B SEPRE Stsfor BY EnfliR el #Bmehly PRestehdad sl rour
br eaker nodbrkaker hdddle. (196 cﬁﬁeﬂ@@hmﬁm@odmﬂbmocﬁwﬂoﬁmdﬁlsaidmnﬂﬁmm ein the
master cont ernl: n&omgﬂismﬁ)ﬁﬂerg%?éﬁkr? ¢ beakdr $10 ules LﬁaCh phase of the

nd  act uates

circuit (72 an upon-co e respec irst nmodul es (14)
to open or close thedi r('ﬂw§Wi(ch'@¥dwir@rﬁlﬁ)héCIamoifr@mmﬂhpn@stwmtmﬂbr is at a
pr epr ogr a”“ﬁ@d\ﬁ%&ﬁhtmdnﬂofs% cBHEh a%chvmm of Bk @r&mbﬁ anéglzpon-ggﬁ'fﬁnw( t chi ng

device (10) of aim 35 wherein the master contro 84) upon an

i ndi cati on WaﬁsE’ﬁFW"?@&HW’%*\GF‘I"PSPFna’éFIG%ttE%m‘chéUébWh@éélvond| ng first

corresponding current is at a preprogrammed point in the current wave form cycle.

37.  The switching device (10) of Claim 35 wherein the master controller
module (84) upon an indication of a current fault condition actuates the corresponding first
circuit breaker module (14) for each phase, simultancously, to open the circuit (72).

38.  The switching device (10) of Claim 36 wherein the master controller
module (84) monitors electrical characteristics of the current and mechanical characteristics of
the switching device (10) modules (12, 14, 16 and 18) and uses those parameters to calculaie
the timing of the actuation signals to close or open the breaker modules (14) at the
preprogrammed point in the current wave form cycle.

39.  The switching device (10) of Claim 38 wherein the master controller
module (84) also monitors a parameter characteristic of the environment surrounding a
switching device module (12, 14, 16 and 18) and uses the environmental parameter in
calculating the time of the actuation signals (96).
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circuit breaker nodule (14) for each phase, sinmultaneously, to open the
circuit (72). 38. The switching device (10) of Caim 36 wher4dbél naster
controller nodule (84) nonitors electrical characteristics™o € current
and nechani 30 t¥f9&dlact eri stics of the switching device (PrO)IBoOMdBES (12,
14, 16 and 18) and uses those paranetemng.to calculate the timng of the
actuation signals to close or open the breaker nodules (14) at the

pr epr ogr antmed p0|nt in the current wave formc cIe 39. The switching

devi ce (10) of C ai %38 e peiching deviged 5 of Claan?® wherein the gpdighmentda) al so
noni tors adﬂﬁ&@ﬂ§§§gm&£@£aﬁéﬁﬁﬁaﬁﬁc of the environnment surrounding a
swi t chi ng devi ce nodul e ém? 14, 16 and 8é and uses the environnent al
paraneter in cal cul Bt i ndfhe pesiichingdevice (R of @%%ﬁ?"?ﬁ‘r‘iﬂ% thg REPELEgERd

SUBSTI TUTE il thé Ridlelrt Wbk fotmbibly is2Q86cted M dd bh 8i0RPSdTUEL 00 1982 - 25 40.

The swi tching device (10 of ai ei n_fhe environnental A paraneter
is a neasure of tenpd ng'fmg Véces(w\%gﬁ‘%3 ke the prpprogrampsed; m 36
wher ei n thepqﬁt@pﬂlegﬁﬁmme fpi cptle isa stlbedarhiige 08 BithaPM @ ST PuEME haud S a

sel ected range on.either. side,of a current zero. 42. The sw tching device
(10) of O afAEFORIGHRASOWEE Ry epr ogr amred point in the current wave form
cycle is a selected range on either side of the current val ue
corresponding to a vol tage peak. SUBSTI TUTE SHEET ( RULE 26)
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